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ABSTRACT 

Research on the utilization of educational media, or 
electronic classroom instructional aids, in primary schools in 
developing countries is reviewed in this paper. Five Kinds of 
hardware — radio, television, computers, videodiscs, and hamd-held 
electronic devices — are compared according to cost and learning 
effectiveness. A model of learning production is used to define the 
educational system in terms of its interaction with family and 
society, and to illustrate the relationships among the components of 
educational management, which include content, instructional 
materials, classroom management, physical facilities, and learning 
technology. Radio was found to iDe the most cost effective means of 
improving both scope and quality of instruction. Effectiveness is 
enhanced if the technologies are used in combination with curriculum 
development, instructional resources, administrator support, an<? 
teacher training. A comparative table, describing seven educational 
interventions, a diagram of learning production, and an extensive 
bibliogiaphy are included. (LMI) 
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ABSTBACT 



This pap«r r«vl«vs rM«arch on **«ducational madia,** that Is, 
tha alactronic hardvara that constitutaa an altamatlva to 
taachara or prlntad lassons. Flva kinds of hardvara ara 
includad: radio, talavision, computars, vidaodiscs, and hand--hald 
alactronic davicas. 

Ansalona comparas tha various hardvara in tarms of cost and 
affact on laaming. Hovavar, adaguata avaluatxon rasaarch has 
baan dona only vith raspact to radio and instructional 
talavision, and in thasa casas datailad information is prasantad. 

Using tha BRIDGES modal of laaming production, Anzalone*s 
diagram daf inas an aducation systam by its intaraction vith 
family and sociaty. Family and sociaty datarmina much of vhat 
takas placa in schools, but thay ara in ttim affactad by the 
outcoma of that schooling. Tha diagram also shovs that 
educational managamant and planning (as dona by taachars, 
principals, supervisors, etc.) is coiqprised of interrelated 
factors that include: content, instructional materials, classroom 
management, physical facilities, and learning technology « 
Anzalone shovs hov the choice of learning technology influences 
these other factors. 

Several clear-cut conclusions can be dra%m from this reviev. 
The first is that talaviaion is net a coat-af faet^iv altamatlva, 
in either rich or poor countries, in comparison vith conventional 
technologies based on classroom teachers. Countries that began 
vith instructional television in primary schools found them too 
difficult and costly to manage, and have abandoned them. On the 
other hand, radio is an effeetiva maana of improvina both tha 
CQvaraaa and tha mislitv of tnatrue^lon in primary achoQls, 
Anzalone notes that radio should not be seen primarily as a means 
to replace teachers. On the contrary, the combination of radio 
instruction— at per student costs close to that of a textbook-- 
vith teacher training leads to significant gains in learning. 

Also, none of the other kinds of instructional hardvara have 
yet been sho%m to be cost-effective in the production of learning 
in primary schools. There is little evidence to justify the 
enthusiasm for videspread introduction of microcomputers in 
classrooms. Research in the United States suggests that vhile 
computers help in some cases, particularly in practice and drill 
on repetitive sxibjects, there is no evidence that they are a 
cost-effective substitute for teachers. 

Videodiscs are described as a sophisticated technology vith 
great potential that is beyond the reach of schools even in the 
rich countries. 

The reviev reports one systematic study on hand-held 
alactronic devices , vhich are small microprocessor driven devices 



that tMch basic spelling and arlthmatic to young laarnars. 
These devices, which are relatively Inexpensive If they can be 
used over a period of time, were shown to be effective In one 
co\intry. No follow-up research has been done. 

The last and most Important conclusion to be drawn from this 
review Is that learning technologies based on hardware are by 
themselves sterile. Unless they go hand In hand with 
Improvements In content, with Increased use of Instructional 
resources, and with greater administrative support, they have 
little chance of contributing to either the G[uallty or the 
quantity of primary education. 

A companion to this paper. Using Soft Technol ogies of 
Learning for Primary Education in Developing Countries , by 
Slvsallam Thlagarajan and Aida L. Paslgna, reviews research on 
those instructional technologies (such as new forms of classroom 
organization) that do not require Investments in hardware. That 
paper and this one should be read together, as the '*hard-soft" 
distinction between instructional technologies is arbitrary: 
together the papers provide a comprehensive coverage of what is 
known about the effectiveness and cost:s of many kinds of 
instructional technologies. 
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I. INTRODDCTIOM 



Th« us« Of learning t^chnologi^a may provide davaloping 
nationa with tha maana for axtanding accaaa and improving the 
quality of education at aubatantially lover coata than 
traditional maana. By learning technologiea we nean procedures 
and techniqpiea baaed upon theoriea which help to design, 
organize, deliver, and aanaga educational information and the 
learning proceaa. Theae procedurea and techniquea may or may not 
be mediated through deviceti and inatrumanta. 

In a companion review, "^Literature Review on the Soft 
Technologiea of Learning,** we examine the procedurea and 
techniguea~what might be called the **aoft** aapect— of learning 
technology. But for the preaent review, we want to focua on the 
devicea aapect of learning technology, or the electronic media 
uaed to automate, enhance, or extend parte of the learning 
proceaa. He refer to thia ''hard** aapect of learning technology 
a^ inatructionai hardware. 

Since the purpoae of thia review ia to determine how and to 
what extent inatructionai hardware ia or might be aignif icantly 
involved in primary education, we do not addreaa diatanca 
education pro j acta at the poat-primary level or primary achool 
equivalency programa for older atudenta— areaa %rtiere 
inatructionai hardware haa been uaed with conaiderable aucceaa. 

We define inatructionai hardware aa electronic preaentera of 
inatructionai aequencea that are aignif icant enough in scope and 
curricular importance to conatitute an alternative to leaaona 
uaually provided by teachera or textbooka and aimilar printed 
materiala. In acme caaea, the wider concept of educational media 
can and will be uaed interchangeably with inatructionai hardware. 

We look apecifically at the uae of radio, televiaion, 
computera, videodiaca, and hand*held electronic devicea to 
support primary achool education in developing countries. 

Our reaaona for focuaing on theae five poaaibilities are 
diacuaaed below. 

We recognize that— aince, for example, we learn from 
televiaion programa and not from televiaion— looking at 
inatructionai hardware per aa ia problematic. The literature is 
often vague about the content or method that ia being delivered, 
either becauae it ia believed that theae are leaa important than 
the attributea of the medixim itaelf or becauae of an 
underatandable and often premature deaire to generalize about tha 
potential educational value of the medium— eapecially for guiding 
policy or inveatment deciaiona. We elaborate later in the review 
on the confounding influence of method on the medium. 
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W« begin th« iavl«w by discussing how wc conducted our 
litaraturs search and our selection of Instructional hardware to 
be examined. We then orient our reviev within the framework of 
the BRIDGES learning model. Our discussion highlights some major 
issues involved in comparing and generalizing from research on 
instructional hardware in developing countries. Finally, we 
review evidence and draw conclusions about each type of 
instructional hardware with respect to whether their introduction 
would permit an education system to reduce costs while 
mnintaining coverage and quality. 



II. HOW THE LITERATDRE SEARCH WAS CONDUCTED 



Our review is based upon a search of a disparate body of 
literature, mostly written in the U.S., that includes books, 
articles, unpxiblished research reports, project evaluations, and 
bibliographies. We conducted on-line searches of the DIALOG 
databases (including ERIC, Dissertation Abstracts International, 
PsycINFO, and SOCIAL SCISEARCH) and obtained abstracts of 
relevant literature. Microfiche versions of several key 
docximents were obtained, in general, we did not find these 
databases to be a good source of information on instructional 
hardware in developing countries. 

Advice and documents were received from specialists 
Including John Mayo, Jamesine Friend, Jean Meadowcroft, Klaus 
Galda, Michael Laflin, Clifton Chadwick, Judy Brace, Peter King, 
Maurice Imhoof , Tom Eisemon, and Noel McGinn. Jim Hoxeng and 
Julianne Gilmore of the Office of Education, Bureau for Science 
and Technology of the U.S. Agency for International Development, 
helped us obtain several iiqportant documents. We also obtained 
leads (and confirmation of a lack of Third World literature on 
educational applications of computers) from participants in the 
UNESCO/Stanford symposium on "Computers in Education: The Role 
for International Research" held in Palo Altr in March, 1986. 

The literature we found is identified in the bibliography. 
Cooper (1984) warns of two threats to validity associated with 
gathering data for literature reviews; (a) not locating all 
studies pertinent to the topic of interest, and (b) elements or 
individuals in the retrieved studies not representing all 
individuals or elemencs in the target population. We tried to 
minimize the first threat by circulation of this draft to other 
investigators in the field to determine what may have been 
missing. The second threat is not so easily dealt with. Not all 
characteristics of primary school pupils in developing countries 
are represented by the studies reviewed, and it is difficult to 
see how they could be. 
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III. SELECTION OF INSTRUCTIONAL HARDWARE 



All Of the Instructional hardware considered In this review, 
are examples of what schrainm (1973) called **blg media. ^ In making 
this definition, Schramm considers complexity of desi.gn and 
production, the size of the audience, possible educational 
significance, and the complexity of support necessary for success 
In school settings. "Big media** originated In systems for 
commxmlcatlons, entertainment, advertising, computation, and data 
storage and retrieval— not as educational tools. 

This review looks at various kinds of Instructional hardware 
capable of providing a significant sequence of Instruction and 
used as an alternative or supplement to lessons provided by 
teachers or textbooks and similar printed materials. This 
excludes various audiovisual devices or objects a teacher might 
use In a lesson to aid comprehension^ stimulate imagination, or 
otherwise occupy a student's time. We include educational films 
and fllmstrlps In this category, since their role In primary 
school Instruction has usually been to enrich or supplement 
regular lessons. 

We consider kinds of Instructional hardware that are or 
might one day be feasible for primary schools In developing 
countries. This Is a subjective determination. It is 
conditioned by the way the instructional hardware is used, and 
does not suggest that all instructional hardware will be feasible 
in all schools in all countries. The following kinds of 
instructional hardware are examined: 

o Radio . Radio is the instructional hardware 
most widely used in primary schools in 
developing countries. Radio includes both 
commercial and public broadcast channels. 
Audiocassettes provide instruction similar to 
lessons broadcast by rcdio. So far^ they do 
not appear to have been widely used for 
primary education in developing countries. 
The same holds true for audiovisual 
combinations like audiovision or radiovision. 

o Television , Television has been much less 
widely used than radio for primary education 
in developing countries. There are, however, 
several important national experiments with 
educational television. We limit ourselves 
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to instructional television related to the 
school curriculun and not children's ''open 
broadcast" programs with incidental or 
deliberate educational content. 
Videocassettes are now becoming common 
throughout the Third World. They free 
educational television from rigid broadcast 
schedules and thereby malce television a more 
convenient (although more expensive) medium 
for classroom use. 

o CamBmtmm. The use of computers in primary 
education in developing countries is not yet 
widespread. Growing interest in computers, 
recognition of their impact on society, 
falling prices of hardware, and the 
"demonstration effect" of their increasing 
use in developed countries are likely to 
cause this to change, especially in well- 
equipped urban schools. 



o Videodiscs. Videodiscs are just now on the 
horizon for use in education in countries 
like the U.S. Their use in some primary 
schools in developing countries is admittedly 
speculative but not inconceivable at this 
time. Developments with mass storage CD ROM 
(compact disc read-only memory) technology 
could make this a possibility in some places 
and could w(<ll be offered in the school 
library of the future. 

o Hand-held Eleetront c Devleea . Hand-held 
electronic learning devices include 
microprocessor-driven drill and practice aids 
like the Speak & Spell and pocket 
calculators. Despite their relatively low 
cost and ease of operation, their use in 
instruction in developing countries has so 
far received little attention. 

There are other kinds of instructional hardware that have 
been used effectively, often in combination with other media, in 
classrooms and distance teaching programs both in developed and 
developing countries. Bates (1982) provides a good discussion of 
the range of delivery media and comparative advantages of 
different systems, some instructional hardware that might prove 
useful for education in developed countries has had little or no 
application at the primary school level in developing countries. 
We do not consider several varieties of instructional hardware 
that have been or might soon be used in developed countries or 
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for dlstanc* •ducation at poat-primaxy lavala in davaloplng 
countrlas, including talaconfaranclng, talaphones, two-way radio, 
videotaxt, t«l«t«3r>:, intaractiva cabla, conputar-auguantad 
telavision, alactronic blaclcboarda, atlll-pictura talaviaion, and 
slow-scan talaviaion. Siailarly, tha uaa of satallitaa is not 
considarad, ainca wa conaidar aatallitas as carriars rathar than 
as prasantars of instruction. 



IV. A MODEL OF LEARNING 



Tha purposa of this raviaw ia to datarmina how and to what 
axtant laaming tachnology ia or night ba usaful in primary 
aducation in davaloping countrias. Wa ask whethar tha laaming 
tachnology cmm inatructional hardwara variablas raally naad to be 
includad in a modal of laaming aaparataly from, aay, tha 
instructional contant and matariala variablaa, and whathar tha 
altamativa or aupplamantary inatruction providad by thaaa 
systama adds to tha axplanativa or pradictiva powar of tha modal. 

Tha BRIDGES thaoratical modal of laaming production (saa 
diagram on tha naxt paga) situatas tha aducational ayatam in a 
poaition whara it can pravant "social origin" from dataruining 
"social dastiny." At tha parimatar of tha aducational systam is 
tha sat of managamant and planning functiona that ataara tha 
syatam. Within tha parimatar ara schools. Within schools ara 
blocks of variablaa (including laaming tachnology) that may ba 
involvad in tha production of laaming. Thaaa variablas intaract 
with aach othar and with inputa — akilla, aapirationa, and 
knowladga brought to achool from tha family and community and 
policiaa and raaourcaa suppliad by sociaty. Tha production of 
laaming raaults in valuas, akilla, and knowladga ratuming to 
tha family and aociaty. Thasa outcomas ara produced with varying 
dagraas of af factivanaas and afficiancy. 



1. "Within SehoQl* Ralationshipa 

Both intuition and tha litaratura auggast that tha most 
important ralationahip batwaan tha uaa of inatructional hardware 
and othar "within achool" variablas is tha ralationahip with 
inatructional managamant. Indaad, tha litaratura ia rich with 
axamplaa of tha inaufficiant attention paid to this relationship 
and tha disastrous consaquances of this neglect. 

The two most important aspects of the relationahip between 
use of instructional hardware and instructional management are 
teacher acceptance of the technology and teacher competence in 
its use. 

Teacher acceptance seems to depend to some extent on the 
type of, and tha purpoaa to which inatructional hardware is being 
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applied. Th« introduction of n«w technology in th« production of 
learning, as in th« production of othar vocial products, often 
anticipates a substitution of capital for labor in order to 
achieve a net reduction in cost. The substitution of 
instructional hardware for labor in educational settings proves 
to be economical when acre highly trained teachers can be 
replaced by less trained (and lover paid) teachers, or when there 
is less frequent contact between teacher and student (Janison and 
Orivel, 1982). In many instances, the relationship between 
teachers and the use of alternative instructional hardware nay be 
fundaaentally antagonistic. Our review treats the substitution 
of capital for labor as a policy issue rather than as a classroom 
management issue. 

We believe that the most important (juestion about teacher 
acceptance is the following: 

o Does different instructional hardware meet 
with and sustain different levels of teacher 
acceptance? 

The second aspect of the relationship between instructional 
management and the use of instructional hardware has to do witl:^ 
what is necessary to operate the system. This involves both the 
teacher's existing knowledge and skills as well as whatever 
additional training or orientation is required to operate 
instructional hardware. There is considerable variation here. 
Some teachers have been oriented to a new curriculum delivered by 
radio in as little as three hours. However, to prepare them for 
a more complex intervention, say, to teach LOGO, considerably 
more training i.s required. The most iaqportant questions are: 

o What knowledge and s'icills are required of 
teachers to use instructional hardware and, 
perhaps, to learn a new instructional role? 

o Oo knowledge and skills gained by the teacher 
from working with instructional hardware 
transfer to areas where such hardware is not 
being used? 

A second important "within school** relationship is between 
the use of instructional hardware and content. 

The questions which should be addressed are: 

o How readily are the various school sxibjects taught 
by different kinds of instructional hardware? 

o Does this vary with grade level? 

o Does use of instructional hardware permit (or 
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dictate) adding or delating contant in tha 
curriculuB or acquiring akilla within a 
sxabjact that ara aithar nav or poaaibla at an 
aarliar aga? 

Tha third **vithin achool** ralationahip ia batvaan tha usa of 
instructional hardvara and instructional matarials. Tha 
important quastions va considar ara tha following: 

o How af factivaly and how chaaply can 

alactronic massagas sxibstituta for printad 
nassagas? 

o What visual supports ara nacassary for audio 
madia and vica varsa? 

Tha final **vithin school** ralationahip is batvaan 
instnictional hardvara and tha physical facilitias of tha school. 
Claarly, tha condition of school facilitias, aspacially lack of 
alactricity, vould rula out tha usa of soma instructional 
hardvara and constrain tha usa of othars« For many paopla, 
policy makars, and taachars, poor facilitias of tan randar 
incongruous tha introduction of altamativa instructional 
hardvara. Tha faca validity of tha priority of improving basic 
facilitias ovar tha introduction of instructional hardvara is 
povarful. Invastmants in improvad school facilitias ara likaly 
to ba mada for raasons apart from school achiavamant and apart 
from accommodating or facilitating tha usa of altamativa 
instructional hardvara. Tha important rasaarch quastion appaars 
to ba hov altamativa instructional hardvara can or cannot ba 
mada to oparata in tha typically abjact conditions of ramota 
rural or crovdad urban schools. 



2. School-y aiilY Palationships 

Tha BRIDGES modal (paga 6) highlights tha raci;»rocal procass 
by vhich skills, aspirations, and knovladga ara brought to school 
by tha studant and valuas, skills, and knovladga ratum to tha 
family and community. With raspact to tha first of thata, tha 
major quastions ara: Do factors bayond a studant *s control f such 
as socioaconomic background, athnicity, gandar, mothar tongua, or 
gaographic location of his/har homa affact antry into school, 
continuation of schooling, and vhat is laamad vhila in school? 
To vhat axtant ara thasa changad or rainforcad by tha usa of 
altamativa instructional hardvara in instruction? 

Issuas ralatad to hov valuas, skills, and knovladga ratum 
to tha family and community ara not ganarally traatad in tha 
litaratura. It is difficult anough to maasura tha gross affacts 
of aithar schooling or tha contant of particular school sub j acts 
on family or community lifa. It vould ba axtramaly difficult to 
disantangla or avan datact tha affacts of vhat may ba vary 



limited contact with instriction provided by any kind of 
instructional hardware. 



3. Sehool-Sectetv Relationehipa 

A Student needs certain skills, values, and knowledge to 
participate in adult life. These skills are to a large extent 
manifest while in school and, after leaving school, affect and 
are affected by social and econosic life. 

It is the latter part of this process that is of most 
interest to policy makers. It is the former part, however, that 
receives attention in the literature. Apart from the occasional 
speculation that exposure to media in schools contributes to a 
weakening of traditional rural values, causing a drift to the 
cities, there appear to be few attempts to examine the 'external 
efficiency" of instruction provided by instructional hardware. 
As was argued above, if long-term effects resulting from what is 
often episodic contact with alternative instructional hardware do 
occur, they would be extremely difficult to detect. The problem 
of assessing the external efficiency of learning associated with 
alternative instructional hardware is particularly germane in the 
case of the newer devices, where the introduction of computers 
into education is often preparation for the economic and social 
possibilities engendered by the rapidly developing global 
information society. These claims are only beginning to be 
examined in countries like the United States (Camoy et al., 
1986) . 

The use of other instractional hardware has largely been 
predicated on the more modest claims that they affect learning or 
internal efficiency within schools. The variables most 
frequently treated in the literature are achievement in different 
subjects, attendance, repetition of grades, and continuation in 
school. Often, there are measures of attitude toward a school 
subject or the instructional hardware itself. The adequ&cy of 
these measures and the difficulties in comparing them with the 
effects of conventional teaching is discussed in the following 
section. The notion of internal efficiency could be treated as a 
"within school" consideration. We treat it in this section in 
order to keep discussion of outcomes in the same place and to 
emphasize that intemc\l efficiency is something wider than 
classroom procesv, andi something closely related to policies and 
resources . 

The pollcits and resources that determine the use of 
instructional hardware in schools are also of fundamental 
importance. An understanding of how policies— or perhaps more 
accurately, actions of policy makers— affect the selection, 
introduction, and continued use of instructional hardware is 
essential and largely lacking in the literature. Perhaps the 
single most important question here is; 
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o Has thm introduction of instructional hardvars found a 
sustained or sxpandsd placs in national educational 
policies? 

The fact that particular resources are needed for 
instructional hardware is of indisputable importance. This fact 
has received considerable attention, and this literature is 
considered throughout the review. 

At the level of policies and resources, two questions are 
import :Ant: 

o Has the introduction of an alternative 
instructional hardware permitted a 
substitution of lower skilled (and lower 
paid) instructional personnel or a reduced 
role for the teacher in the improvement of 
instruction or extension of schooling? 

o Where introduction of instructional hardware does not 
permit che substitution of capital for labor, what are 
the additional educational costs and their 
implications? 



V. ISSUES 



There are two issues of special importance that make it 
difficult to determine whether instructional hardware can 
contribute significantly to the learning in schools: the medium 
versus method issue and the equivalence of costs and outcomes 
issue . 



1. The Medium vergum Method Immum 

Advocates of the use of media in education often point to 
various attributes of the media as being particularly 
facilitative of learning. They cite such things as the immediacy 
and liveliness of radio, the ability of television to command and 
hold attention and to provide complex visual stimuli, and the 
capability of computers to offer immediate and individualized 
feedback. Explanations for poor results from particular 
instructional media often cite the failure of the instructional 
designers to make good use of the features of the medium. 

There are those who dispute the claim that various features 
of media affect learning. Clark (1983, p. 445) argues that 
current summaries and meta-analyses of media and learning studies 
suggest that **media do not influence learning under any 
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conditions." H« contends that in ths instances whsrs largs 
changes in student achievement have been associated with the use 
of aedia, such as (and this is his exaaple) with educational 
television in El Salvador, the changes are attributable to 
ovirriculuB refom and not the aediua. Clarlc insists that better 
perfomancA associated with use of aedia is explained by the 
confounding effects of instructional method, and to a lesser 
extent, novelty effects. 

Others take exception with Clark's hypothesis. Petrovich 
and Tennyson (1984) argue that the meta-analyses Clark uses 
involved classroom studies without adequate controls to test his 
hypothesis, that Clark did not adequately take into account how 
various components of the hu^ian information processing system 
affect learning, and that recent evidence from computer-assisted 
instruction studies do not support his view. 

The medixim versus method issue is clearly relevant to the 
literature on instructional hardware in developing countries. 
However, it is often difficult to determine what AStructional 
method is being used in a particular media application and 
hazardous to generalize about what methods work best with what 
media. In an application where the method is well-defined, such 
as the interactive radio method, there is likely to be wide 
agreement with Clark, that the outcomes are attributable to use 
of the interactive method specifically rather than to the medium 
of radio generally. For policy makers in developing countries 
the medium versus method issue may not be critical. Even if it 
can be shown that it is an instructional method rather than a 
medium that is responsible for gains in student achievement, the 
use of media may often be the only means to deliver the method 
efficiently. 
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2. ggulvalene^ of Costa end Quteoaes 

Critics of the use of instructional hardware in developing 
countries raise several related questions about how costs and 
outcomes are analyzed and interpreted. Camoy and Levin (1975) 
argue that evaluators' "modes of analysis'* have possibly been 
contaminated because of the advocacy positions taken with respect 
to the media being evaluated and because of their close 
associations with the agencies that have sponsored both the 
implementation and evaluation of projects being examined. Emery 
(1985) takes a similar view. 

Camoy and Levin (p. 387) identify two types of bias in the 
evaluations of various applications of instructional hardware in 
education in developing countries: (a) the use of "deficient 
data" when they favor instructional technology over traditional 
alternatives, a phenomenon they refer to as "benefit-of-the- 
doubt" bias, and (b) "narrowing of the scope of analysis to those 
items on the agenda of the sponsoring agency while ignoring other 
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effects." 



Camoy and L«vln (p. 388) submit that cost analyses of 
applications of Instructional technology are faulty because "in 
almost every case the reported costs of Instructional 
technologies are understated relative to their true costs." 
According to them, this results from basing cost estimations upon 
"drawing board" approaches, which, thsy contend, are Invariably 
lower than actual costs. Moreover, they suggest that cost 
estimations tend to Ignore costs of such things as "contributed 
facilities" and technical assistance costs associated with 
development of the instruction to be provided. 

The second bias identified by' Camoy and Levin (p. 391) is 
the use of "a narrow .easure of educational attainment" which 
tends to "overstate the attractiveness" of the tschnology being 
evaluated. They argue that the outcomes of education go far 
beyond performance on measures of reading and mathematics. This 
is, they note: 

an especially serious problem in a cost-effectiveness 
study because the evaluation instruments are invariably 
designed to compare the instructional approaches on the 
basis of what the instructional technology is designed 
to achieve rather than the f&r larger outcomes that the 
traditional systems of instruction focus on. (p. 391) 

We believe that these contentions should be taken as 
important cautions in interpreting the literature on the use of 
instructional hardware to support primary education in developing 
countries. However, two points should be made. First, cost 
analyses that have appeared subsequent to the time period with 
which Camoy and Levin were concerned appear to approach 
estimation of "true costs" by taking into account actual costs 
and fixed co^ts for instructional development (see, for example, 
Jamison, Klees, and Hells, 1978; Jamison and McAnany, 1978; 
Leslie and Jamison, 1980) . Second, although few would disagree 
that educational outcomes include more than performance on 
achievement tests in reading and mathematics, the importance 
assigned to these attainments by educational systems all over the 
world makes it difficult to accept the idea that emphasis on 
these outcomes in evaluations is a self«*serving "narrowing" of 
the educational process by the advocates of instructional 
technology. In recent evaluations of the use of instructional 
hardware, there does appear to be sensitivity to the issue of 
whether an equivalent range of educational outcomes is being 
compared (see, for example. Friend and Kozlow, 1985) . 
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VI. COMPAXtZNG EDUCATZOHAL OUTCOMES 



Our attanpt to d«t«raln« whether and how instructional 
hardware can b« significantly involved in the production of 
learning in primary schools in developing countries requires that 
we evaluate and summarize information about educational outcomes. 
There are enormous difficulties in producing a synthesis of 
research findings from studies involving the use of different 
media since applications have been undertaken in different 
countries, at different points in the educational process, and 
for different educational purposes. 

In the past several years, research reviews have made 
increasing use of quantitative meta-analytical procedures for 
evaluating and summarizing research on edL^cational outcomes. One 
of the most widely used methods of meta-analysis is the 
statistical measure called effect size. This is a comparison of 
differences between an experimental and control group. The 
effect size is simply the difference between the means of the 
experimental and control group divided by the standard deviation 
of the control group (Glass, 1977; Glass, McGaw, and Smith, 
1981) . 

Walberg (1984b, p. 216) describes the advantages of using 
effect sizes; 

Effect sizes permit a rough calibration of comparisons 
across tests, contexts, subjects, and other 
characteristics of studies. The estimates, however, 
are affected by the variances in the groups, the 
reliabilities of the outcomes, the match of curriculxim 
with outcome measures, and a host of other factors, 
whose influences, in some cases, can be estimated 
specifically or generally. Although effect sizes are 
s\ibject to distortions, they are the only explicit 
means of comparing the sizes of effects in primary 
research that employs various outcome measures on 
nonuniform groups. They are likely to be necessary 
until an advanced theory and science of educational 
measurement develops ratio measures that are directly 
comparable across studies and populations. 

Effect sizes are expressed in standard deviation units. 
Although this is often not readily understood by persons without 
a backgroxind in research, effect sizes can be expressed in terms 
of changes in percentiles. For example, the meta-analysis of 32 
research studies on the effects of computer-assisted instruction 
on achievement of elementary school students in the United States 
conducted by Kulik, Kulik, and Bangert-Drowns (1985), found an 
average effect size of .47. This m-aans that the use of computer- 
assisted instruction had the effect of raising the mean of pupil 
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achi«v«]ii«nt from tha 50th p«rc«ntil«, which would bm average 
performance without computer-assisted instruction, to the 68th 
percentile of that group. In interpreting effect sizes, Walberg 
(1984b, p. 222) reports that from samples of recent educational 
research, an effect size of .20 (equivalent to raising the mean 
from the 50th to the 58th percentile) is about average and one of 
• 45 is ''considered large and exceeds about 84% of those typically 
found in educational research. Research syntheses undertaken by 
Walberg (1984a, p. 23) show, for example, that IQ has a strong 
effect on learning with an effect size of .71. Similarly, of 
various methods used in instruction, reinforcement or reward for 
correct performance had the largest overall impact, with an 
effect size of 1.17 (equivalent to raising means from the 50th to 
the 88th percentile) . 

He have attempted in this review to use effect sizes to 
evaluate and compare achievement gains reported in thm literature 
on the use of instructional hardware in primary education in 
developing countries. In the present draft, we are limited to 
the interactive radio case studies, where evaluations provide 
necessary information.^ 

For purposes of formulating educational policy and 
allocating resources within educational systems in developing 
countries, the important question to be answered is: How large 
an effect is required to make use of instructional hardware 
compelling? Is an effect size of .45 (or, raising the mean from 
the 50th to about the 68th percentile)-- -judged to be large in 
developed countries— large enough to motivate policy makers in a 
developing country to undertake a major investment and 
reorganization of school instruction? 



VII. SELECTED INSTRDCTIONAL HARDWARE 



The possibilities for using instructional hardware to 
improve or extend education in developing countries have been 
consistently acknowledged since the 1960s. Perhaps the landmark 
endeavor of the early era was the fo\ir part series New 
Educational Media in Action (1967), edited by Wilbur Schramm. 
This collection included three volumes of case studies and a 
synthesis entitled The New Media: Nemo to Educational Planners 
(Schramm et al., 1967). These books emerged from a project 
undertaken by UNESCO's International Institute for Educational 
Planning under a contract from the U.S. Agency for International 
Development. The series includes twenty three cases studies from 



^This was made possible through discussions and sharing of 
information with Jamesine Friend, Peter Spain, and Julianne Gilmore* 
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receiving radio lessons In several subjects (UNESCO, 1967) . The 
experience In Thailand Is svuomarlzed on page 22, a.c* We discuss 
various aspects of Thailand's experience later In this section 
and In connection with the questions raised related to the 
BRIDGES model. 

In 1972, UNESCO's International Comr.lsslon on the 
Development of Education noted this about radio: 

People often seem to be deterred by the reputedly 
greater efficiency of orher media which, however, have 
the major defect, compared with radio, of being xinable 
to hope for such widespread distribution— or anything 
like It — for a long time to come. The very low cost 
and adequate reliability In all climates of miniature 
transistor radios mean that radio broadcasting should 
more and more be recognized as a particularly suitable 
medium for educational purposes (Faure et al., 1972, 
p. 122) . 

Radio's potential for delivering education In school was 
not, and perhaps Is still not, apparent to all educators. As the 
Faure Commission noted, the attractiveness of television largely 
pre-empted consideration of radio as an educational tool In many 
places. Moreover, radio Is not now widely used In classrooms In 
the early Industrialized societies, thus precluding any Idnd of 
"emulation effect** to stimulate applications In developing 
coxutrles . 

The early promise of radio related closely to some of Its 
attributes as a communication medltm that offered potential 
advantages for Instruction* These Included radio's liveliness 
and Immediacy and Its apparent ability to require concentration 
of attention and mental effort on the part of students. Schramm 
et al. (1967) cited four other potential advantages: 

o Radio can spread and equalize learning 
opportxinltles while raising educational 
quality 

o The old media such as textbooks could share 
the substance of teaching; the new media like 
radio can share the dynamics of teaching 

o Radio can provide demonstrations to schools 
that could not otherwise afford them 

Radio's potential was seen by Jamison and McAnany (1978, 
p. 12) to fall Into three categories: ''Improving educational 
quality and relevance; lowering educational costs (or the rate of 
Increase of costs) ; and Improving access to education, 
particularly In rural areas." 

P2 
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Th««« vmrm formulations of •ducational potential and not an 
assessment of sffscts observed through rssaarch. Ths •f^i^ 
•mpirical "basis" for ths sffsctivsnsss of radio is outlinsd in 
Jamison and McAnany (1978). Thsy cits ths survsy by Chu and 
Schramm (1967), which concludes that under proper conditions 
students can learn from any of the media that were currently 
available and that not only is a visual channel n®^, •^^^JJ* 
necessary for leeming, sometimes it can interfere with it. 
These conclusions were shared by Forsythe (1970). Jamison, 
Suppes, and Wells (1974, p. 33-34) reached similar conclufcions but 
admit that the empirical basis for these conclusions was small: 

Radio has been used extensively for formal classroom 
instruction in the United States (more in the past than 
in the present) and elsewhere. There exist, however, 
only a limited number of "ood evaluations of the 
effectiveness of instructional radio. These 
evaluations indicate that instructional radio can be 
used to teach most subjects as effectively as a live 
classroom teacher or ITV. 
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The radio initiatives and the case studies reported during 
the 1970s were helpful in moving from an assessment of potential 
to an assessment of effects, even if the information collected on 
learning outcomes was often sparse or potentially unreliab^.e. 
Two rich case studies came from Mexico: the Tarahumara Radio 
Schools (Schmelkes de Sotelo, 1972; 1977) and Mexican 
Radioprimaria (Spain, 1977) . Insightful commentaries on these 
case studies followed in Jamison and McAnany (1978). To 
facilitate our present analysis, these case studies have been 
broken down into summary form on the following pages. 

Both of the Mexican radio initiatives were attempts to 
develop low cost extensions of primary education in underserved 
areas. Both used radio for direct rather than supplemental 
teaching and for several subjects. Both report achiavement data 
that, if not clearly indicative of radio's effectiveness, at 
least point in that direction. Each project failed in one of its 
principal objectives: the Tarahumara schools failed to promote 
much equity among a disadvantaged sub-population and 
Radioprimaria essentially failed in its objective to use radio as 
a substitute for hiring more teachers in a school. Both projects 
demonstrated that receiving radio signais and keeping radio sets 
functioning properly were matters not to be taken lightly by 
educational planners. Despite the promise shown by these two 
efforts, both were abandoned and seem to have fallen victim to 
the prevailing disenchantment with formal education witnessed 
during the 1970s. 

Two similar initiatives undertaken during the 1970s are 
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itoiar naTaHanat laauaa 

Pmr rteapcfan In aany araaa 

Only It af U acttaala 
f«#id ta hava audlbia. 
f««Ktianint radio 

mtfnal fff l ciangy 

— cancluBlana can fea draun 
: af facta af radIa an 

titlan ar t 



Taac h ar and pu»«( attend* 
anaa apiiaarad saad In 
radIa acAaala 

In 1972, 3* af U rad«a 
acMaala Mara alraady 
eai94ata acftaaU and i»ad 
radfa aa lioiia n t, nat 
ta Idarwa afficiancy 



wlof Wf^i— a nt laamt 

Inadaauata aachaniaaa for 
■anaiaawnt and K » a rvU<on 
of achaola 



Equity 

Na eanclualana can ba draun about 
any dfffarantial affaeta af uatnt 
radia MftH particular troupa of 
pupHa 

karpa propartlon of achoala that airaady 
had a lath trada autpaata iroupa (aaa in 
naad af nan tachnalapy banaflttlnp aora 



liSSnLUliiUDDe 



Coata 



Intarvlaaa altb paranta Indlcata widaapraad parcaptlan 
that prl«ry aducatlan haa llttla utility In oral araaa 

Intanrlawt ^ith rapraaantatlvaa af lacal indMCtry pamtad 
ta difficulty In finding mrk alth anly priaary achaal aou* 
catlan 

A 1972 aurwy af 207 raAMtaa af priaary ichaala in area fauid 
SSt af rctetaa uartlnp S9« cancinulnt atudiaa but na 
rtaana af radIa and nanradia adiaala naro Mda 



Jaaiaan ft NcAnanr (197t) coaputa an avtrapa 
annual coat af m.U par atudant ( t.oa 
parhaur) baaad i^on participation of ZBOC 
atudanta 
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■talnid/ta«4ie>t^,-n^ 



•iiMfit In mmm af achaala ualnp radIa fr«i 4f In If7«*71 
ta Sri« m%-H. TMa Imrinad tt «S In ttfl but a« tMa 
ild» rodia MM iM« Mif to fiftb prada aiaaaaa 



Mli«»(« "-^ Ki%tmtt m 



IT atiMM l«MM, S 4^r» piT Mi* 



«M^M, MitrvitM MMMtry. MMT vt 



. rrr :rrri.rj: ^r:;;^::^'"' 

(MMn* ckH4- 

MivM. tun 



juttti tt IM iH< 
cliU«r«n 
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^tm t. iin.ooo 

par atyM fimt •mt •ii«Mtl««. iiiNt« 
caiMlM* mt t« to fl.«S p>r atMiiM pir Myr. 
e»t« iMt •mtm mm mf atiAnc ta •«»• •yttto) 
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tmry Mtt LanfuH* Arts fr«j«ct 



iiit—u fr aim 



imi^mm tffttclwtiy 

tf4tli MNiMMlMi lmtruBtl«n) 



•Ifht tf«ff«r«it Bitl 



(MfiM fnatiih in *ct>0>i) 



»1^f** »r«vi^<n« Data 

Qif9r« at tU (IfM). 
ChrlstanMfi (IMS), ani 



a«t Mrmtlm t« tturiantt. 
c«tet paattoraa*Mt actWltiM 



baak(«c« 



IffwtiYintu 

latff* p#IU autpM'ftrwd 
fw«-rai1» pi«IU an all twtt. 
if ff tranns naarly •imf Mf 
fat1c*4(y alfniflcvt. lartatt 
iltfarafcw accurrai In (latanini 
tklUa. Iffact vltaa M failauai 



lUiT ttaaraHanat Ia«i*a 

tail* raciptlan "fraMaMtic* 
In m •f acHMla «ni *poM><* 
in n. Ona rfUtrict at* 
prMsai difficulty abtalnint 
printatf aattriaia cn tina 

rUra* tiM M well cantant 
prtMMatf In lM(f knr Macks 
•f InstnKtlan canpw^ vltli 
c«w«itlant( ImtnKtlan 

laaa tflsn^tlw pmM 
vlar ifcair»a< In raiia 



Gratfat 
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c(aMM 
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Natflnt .31 
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tfrltint 


.s 


.2f 










hmm mm 4lff lenity 


(Uard T«t«4) 
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•catditni ^ 
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vafsian 9i tuc lm«r«itl«t 
r«tf4aaitfM • yM< cp 

p^lalpttlan, tantflata 
jihirm—ii. #latrfM«tf 
prmxim; fwwtiv* Miuitia 



HM littll 1« YMTt 

af tiueatlan anri 9 



m«f tMcNtn/ 
Ma«Mt«rt Iniicstatf 
rtila MM acx mm* 
fu(; «4I taMhtft 
tUcu^t •wmU Im* 
(lih atolUty sf radi* 
p^m\i9 better than 
athar pi#li» 



intar-yaM' tacchar turna»ar 
«eorra4 In a (arfa n4narlty 
af cU 



IttlltV 



S«cla*ac««Mfc factarc raUtad ta P^H 
parfa 



Tha <n(y var labia fawirf ta effect p^mn 
parfervnce vea "tfletrlct." The 
tfidariyini varleMa vltiiln tfletrlct 
ippearei te be "yaare a( taadilni 



f f>ni.i gffUlawnr 

•a ^a rapartai an eigfeee ef 
raile eti^danta In ecbeai efter 
re* S but reeilneee ef retfle 
pi#Ua te aantliua In Iniilili 
itfifuafa initnstian after 
trade S Indicated by m ef 



Ceata 

latiMta ef future miai per pi#l( recurrent caate prajacted far 
lapiMcntatian In all priaary achaaia In Kenya pravlded by ^riand b 
itiwinf, tftS. Aaaiaaa radiee (eat S yaara« S aete ef betterlee per 
Caet radia per year, yea ef ealetinp redie ciiemaie. Caet per p^H 
(fnc(ud1r« trcnuelaelan ceete. teacber tralnlnp and aanuei. 
better iee. redle and eelntananca. and teae prapran caate) t.}4 



fcMt^l..,^^ laataa/tiaawiad 

Tba N'fniatry af fducattan ef 
Kenv« dMfdid nat ta eenttnue 
^ tia im artiaa altar tm 
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Inf ryot ion 
(MatKMtUt Coflpontnc) 



In I9ft3, SO schools m 5 provinctt 

studi— »royid(ni Ostt 

teldi (IMS); Un-lm (I9t2); 
rrlMl, UldB W %mr{9 (1979) 



f tioi^i. far U.in« Wod<i« 

•lipr«v« qMdty Inttnjccion, 
MpKloUy itfMT* tMChtrt or* 

SchMt diHar«n tiirouih* 
out ti«« country 

T— chf >olt 



ctod to obMfvt «nd 
holp ttuiwits durini r«dU loMont 
ond In 0 fow com* wv sp«^ ti"* 
loochlnt mtMr c(ms. Toochor 
Itod poofbroodcMt actUUiot 



1 • J 
Thai (« 
MthMtict 



of Inotnjctfon 



Twt-dty workshop 



9f mtofi 



Dolly * 2) aimto broidCMt ond IS 
ainuto pMfbroo^Mt accfvity 



IfMtrtictioftot Wtthod 

T»io Mlctrofuor iod(o Moth lotsono 
Moro odiptod for Thoilond 



Ho infornition 



ACCOOtOblHtY 

Ouottioonoiros 
Indicotod high 
dofroo of tn- 
ihutiooa on port 
of toochort 
hooMttors 



Othor Motor UU Uood 

Toodior't fuldt; ttudont't 
notobeokt; ttudont uorktaookt 
in iradt 1 

Efftetivonooo 

•odU ttudontt outporforMd 
control ttudwttt In tU rooiono 
tor tnroo yoo n . In o t9tt 
cellar I ton af odilovHHnt of 
Mcond Kodoro, dlfforoncot In 
ochia Mint In tlM Morthooot had 
on offact tlto of ,U and .24 In 
tha Control Ploln (lanikok araa). 
This cowparod with .34 for o 
siailar coiparlMn In Micarofuo 



Ixtomot tfflcloncv 
No Infarvatlon 



»uot«lftod/>o«l leattd/gmnordod 

Althauih It lira that 
orif Inal iaal of owpmrtlnj to 
•II 30,000 achoolt haa not yot 
boon adilavad, projact It 
onaalna 



wior Qporotionol laiuos 
No Infaraatlon 

!pfmoi gffleioncv 



%tm ovidonea thot 
rodio holpod laprova 
diaclplina and ptfictu- 
allty m part of 
taachart and ttudontt 



wiof Wanoooi-nt Ittu— 
Na Infonaation 

In a 1911 comporison batuaan socond 
grido chlldron in tho aoro odvontaj'TH 
Control ^loin ration and tna oit> 
advantatad Northaatt railon, achiovo* 
wnt lavalt roaa In both raiiona and 
achit' aiant ditparitiaa batwoon two 
raiiona waa nttrly ovorcoaa 



Catts 

ittlMtoa of futura mual par pupil rocurront coatt for laplaaantation 
In 30.493 tchaalt (1.011.733 pi^llt) providad by Oavotacaant 
rmmlnHm nmrr iUt\f^ 19t3). Aa«Ma radloa laat 9 yaart. 
341 af adiaait hava alactrlclty and battarlaa laat far lOO hours. 
Caat par pi^ll (Includlr^ non-rauaabla warfcbaoiit and toachar 
wwalt and aselurilni taadiar arlantatlon) t.U. 

Coaaantt 
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•adlrMtUttd Coiwunicy Itsic 
tt«n (MiCO) 



Tttfl HIM nr*t 
19CS • im 



ly 1966, 6S ctnttrt with 1117 chadftn 

Ui(lMr NmMn, toilM ani 0(Mn 

(IMS), Sv«u«mtty (tW), PrM I utlow 
(1f0>« rMtfirf (1W>, I rri«^ (19t5) 



t« dil(*«i III rural arM 



Cmiartn 7 • U 1^ tfB not 

IMK* MCMS to MllOOlt 



TOOChT lolo 

Uooo poriprofoM tonal Mnl- 
tort ta tako diort* of noka* 
•Hlft radio "scltcola." 
All inatnictlon ie providod 
by th9 radia 

OthT wotfialt Uiod 

Uortahoota 



fffoct<^>ono«i 

ivtluitlan actlvlUaa ort on- 
folni and itlnf takan ovar by 
hoat c«Mry. ividanca m 
far tuwaata that irftan raa- 
porad ta co rwant tonal achoola 
in Vm tm rotlan, UOCCO 
inotrvetlan In mtk la aiiparl* 
ar and In rMdlnf naorty aa 



1 ta 4 • NadMMtlct mi 

•oclal aclonco, natural 
aclanca, civic adUMtian, and 
phyaleol oducotlan wovan Into 
t»io la 



af Inatrxgtion 



t^tifc/PrimOTT fff InHW 

Ont hour por day 



Spanlali 



An oriantatlon courta 
lastinf a faw doys 



naior QPtf tioml laiutt 

Dolayt Novo baan ancow^tarad 
(n dallvorim and coUactlm 
workahoota. latiatUal dif- 
ficultlaa In prowldlnf rofu* 
lor auporvlaion of radio 
achoola 

ifttomot Ifflctancv 

Ateantaalaa af VSl In aoM 
piacM* NoMavoff awldanca 
that childron nay ba loam* 
Ini at laaat aa wall aa 
atudanta In rofular tchoola 
but at half tha prica la 
hlflhly Indlcatlva af 
Intarral afflcancy 



inatructionat Ptthod 

Oofivatlon of th« intaractivo radio inatrue* 
tian i«dal. Math laaaom Mra adaptad froM 
tho Nlcaroffuan lodio Hath ^rojact 

iMht lackorowt *eetotabUity 

Monitors ara axptctad 
to ba litarata with 6 • 
9 yaara of school 109; 
noat had a aimaua of 
3rd irada 

i^aior Mwoo#wnt Itauaa 

Coordination of tha fiMtlofW in tha Sonto 
OoMinfo offica (tachnical, curricului 
daairi, prtparation of aattriala) and thota 
of tha ftar^ona offica (auparviaion of tha 
caniu^iti08f trainin9 of tha Monitors) has 
postd problOM 

Equity 

(a) ^rojact haa providad aducation and 
proaatad aoclal intofration of chiidran 
of Maltion {Maigrants. (b) Evidanct that 
sQa« atudanta laava ra^ular schools for 
RAOCCO schoola auftotts succaaa in not 
boeoalni an Inoqultabla infarior track 
of rural aducation 



fcitofmt ffflclancv 

Taa aariy ta avaluata. rirat 
Mill finlah trada 4 In 
r, im. nana hava 
baan aada ta allav atudanta to 
taka a "dMilanfa* mm Mhlch 
would panrit piacanant in 
canwantlanal achoola 



Caata 

Amual caat par pi^K 
uaa abaut half tha caat af 
a yaar af coMntlonal 
prlattry achaal 

Inatruetlon 
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HMtalnadAitat leatad/gaoandod 

Qaad paaillilllty that tha 
prajact will ba axpandad 
ta Ineluda tha darthwaat 
lafion and adaptad for othar 
cotf^trlaa 
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r«port«d in th« lit«ratur«s th« Paraguay Rural Radio Education 
Project and th« Shuar Radio Schools of Ecuador. (Infomation on 
th«s« initiative* wa« not co»pl«t« anough to allow us to pr«par« 
d«tail«d axumariM.) 

Th« Shuar Radio School* ai««d at providing «or« r«l«vant and 
culturally ■•naitiv* education to th« achool children of th« 
Shuar Indiana of Ecuador. (Tha information on th*a« arhooJai ia 
drawn from th« Claaringhousa on Davalopmant Communication's 
[1982] Projact Profilaa, p. 39-40) . Tha faw Shuara who had baan 
trainad aa taachara wara uaad aa radio taachara, and othar Shuars 
wara uacd as paraprofassionals. Enrollmants in tha Shuar Radio 
Schools 9i*w from 486 (1972-73) to 3100 (1978) . Th* Radio 
Schools damonstratad high pass ratas, which daclinad somawhat 
with axpansion of th* *ystam from 97.4% (1972-73) to 84.5% (1976- 
77) . Th* Radio Schools also apparantly r*duc*d th* drop-out rat* 
from 30% in th* conv*ntional schools that war* r*plac*d to a 
l*v*l d*scrib*d as "minimal." 

As of 1986, according to th* Ministry of Education in 
Ecuador, th* Shuar Radio Schools continu* to op*rat*. 

Th* Rural Radio Education Projact in Paraguay was an 
unsuccassful attampt in th* 1970s to app:y radio to th* task of 
d*liv*ring primary education (to adults as wall a» childran) in 
rural araas. According to th* Cl*aringhous* on O*v*lopm*nt 
Communication (Projact Profil*s, 1982), th* proj*ct, liX* th* 
Shuar Radio Schools, took a bilingual approach and att*mpt*d to 
d*v*lop a rout* for rural childran «uid adults to obtain a 
complat* primary aducation. Th* proj*ct was tarminatad wh*n AID 
funding *nd*d. 

Th* major br*a)cthrough in th* us* of radio for primary 
aducation alao took placa during tha 1970a. Thia waa tha Radio 
Mathamatica Projact in Nicaragua, aponsorad by USAID and 
undartakan by Stanford Univaraity's Instituta for Mathamatical 
Studiaa in tha Social Sciancaa. Thia affort laid tha groundwork 
for latar applicationa of radio that would com* to ba callad 
"intaractiva radio." 

Tha modal for radio instruction davalopad in Nicaragua (this 
and tha othar intaractiva radio caaas ara outlinad on tha 
following pagaa) appliad ampirically-validatad tachniquaa for 
davaloping and taating radio lassona. Radio waa uaad for diract 
instruction and not curriculum anrichmant. What was distinctive 
about tha approach in Nicaragua waa tha convaraational form 
followad by tha radio taachar, who would alicit aavaral oral 
rasponsaa (oftan 100 par half hour laaaon) from atudants in the 
radio claaaroom. Although tha inatruction provided by th* radio 
waa eaaentially one-way, the frequent student reaponaea and 
feedback provided in anticipation of theae reaponaea by the radio 
teacher is arguably a form of interaction. Paisley and Chen 
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(1983, p. 9) d^fin^ interactivity as thm ratio of usar activity to 
systaa activity. By this critarion, tha intaractiva modal doas 
appaar to distinguish itsalf froB othar applications of radio to 
primary education in davaloping countriaa. 

Tha Nicaraguan af fort and tha subsaquant Radio Language Arts 
Project in Kenya, the Thai Basic Skills Pilot Project, and the 
Radio Language and Radio-Assisted Community Basic Education 
(RAOECO) Project in th^ Dominican Republic constitute a 
concentrated effort to explore the effects of a single 
instructional medium focused on the early years of primary achool 
across several subjects and coxintrias. The cases, ^ich are 
summarized on the preceding pages, have bean rich in information 
and provide the best empirical evidence to daite of radio's 
effectiveness as an instructional tool in primary education in 
developing countries. (The Nicaragua experience is described in 
Suppes, Searle, and Friend, 1978; Friend, Searle, and Suppea, 
1980; Friend, 1985; the Kenya experience is described in Oxford 
et al., 1986; Christensen, 1985; Friend and Kammerer, 1985; tha 
Thailand experience is described in Galda, 1985; Friend, Galda, 
and Searle, 1979; and Sang-jan, 1982; the RAOECO experience is 
deacribed in Hanssen, Kozlov, and Olsen, 1983; Helvig and Friend, 
1985; Friend, 1984; Sanguinetty, 1985; Walker, 1986; the 
interactive model is also discussed in Block, 1985; Searla, 
1985.) 

Radio lessons for primary school science following the 
interactive radio model are to be developed and tested in Papua 
New Guinea during the next few years. There will alao be 
replications or adaptations of the interactive radio model in 
other countries during the next few years \inder AID* a Radio 
Learning Project. 

If the interacti-^^a radio experience is vell-docximantad, the 
same cannot be said for educational radio as a whole in 
developing countries. Havkridge and Robinson (1982) mention 
that, Almost every country claims to use educational radio or 
educational television or both.** UNESCO (1984), in reporting 
statistical data collected from member states, indicatea the 
number of hours of radio broadcasting **devoted to a specific 
curriculum.** However, it is not reported how much of this is for 
education at different levela. So, for the majority of 
developing countries, ve really do not know how radio is being 
used in primary education and with what conaeguences. 



In this section, ve summarize tha outcomes of the radio case 
studies xindar the headings of instructional management, content, 
instructional materials, operational outcomes, equity, 
effectiveness, internal efficiency, external efficiency, 
sustainability, and costs. 
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iMtruetionnI nnnmmm* int«r««t h«r« is in hoy 

radio, wh«n us«d as an altamativa to lassons usually providad by 
tha taachar, fits into tha claasrooB. Nuaarous iasuas could ba 
addrasaad in this connaction, but va liait our attantion to 
quastions of taachar accaptanca of radio usa and what naw skills 
ara nacassary for taachar a to usa radio. 

From our casa suaaariaa, it appaars that taachars ganarally 
accaptad tha usa of radio in tha classroom. In Maxico, alnost 
half ^ha Radioprinaria taachars axprassad tha baliaf that using 
radio as an aid to instruction was auparior to diract taaching 
alona. 'L'aachars' accaptanca of radio was also positiva in 
Nicaragua, Kanya, and Thailand. 

Tha usa of radio r^^quirad taachars to play a naw 
instructional rola. In all tha casas wa studiad, raaponsibility 
for diract instruction was takan fron tha classroom taachar and 
aaaignad to tha radio taachar. Tha classroom taachar was 
axpactad to prapara childran for broadcasts, distributa 
accompanying matarials, and provida halp during tha lassons. In 
many casas, thara wara postbroadcast activitias for tha taachor 
to conduct. 

Whara wa hava information, wo find that taachars wara 
praparad to undartaka thasa tasks in anywhara from thraa hours 
(Nicaragua) to thraa days (Thailand and tha Dominican Rapublic) . 
Wa found that this praparation worlcad avan thouvh tha aducational 
background of taachars usually was waak (10 to 11 yaars of 
achooling in Kanya and Nicaragua or a vary waak 3 to 9 yaars in 
tha Dominican Rapublic) . 

A final quastion ralatad to instructional managamant: Did 
tha usa of radio in ona subjact laad to improvad taaching in 
othar aubjacts? This has not racaivad a gQod daal of axplicit 
attantion in tha litaratura. It is oftan unclaar what is 
axpactad tc trans far— possibly a modal ing of mora activa methods 
and tha usa of rainforcaaant. 

Wa do find soma avidanca of taachars axprassing tha view 
that tha usa of radio has halpad thaa bacoma battar taachars. 
Parhaps a mora important quastion is whathar it is raally 
dasirabla for a taachar to modal classroom instruction on radio 
instruction. Priand (1980, p.xviii) puts it this way: 

Do taachars laam naw padagogical tachniquaa from 
radio? (Wa hava soma anacdotal and obsarvational 
avidanca that thay do, but tha tachniquas thay learn 
ara somatimas imitations of tachniquas that ara wall- 
suited to radio but not ideal for huoan teachers.) 

Content . Radio has been used to teach almost all school 
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•ubj«ct« off«r«d at th* primary l*v*l. From th« diff«r«nt casM 
y look«d at, which psmit a liaitad nuab«r of coaparisons, w« 
night t«ntativ«ly concludtt that radio ummmm to b« most ■uccAssful 
in taaching Bathaaatics. Th« avidsnca from Kanya strongly 
•uggaats, parhaps not surprisingly, that radio is a good aaans 
for taaching languaga-laaming and listening skills. So far, 
taaching raading by radio saaas aora difficult than taaching 
aathaaatics. No conclusions can b« drawn about sub j acts lika 
scianca and social scianca without tasts siailar to tha onas in 
Nicaragua and Kanya. 

With raspact to using radio at diffarant graia lavals, most 
of tha information wa found ca^na from applications at tha aarly 
priaary laval. Wa do not know whathar radio, aspacially tha 
intaractiva aodal, would ba aqually affactiva aftar tha fourth 
grada. 

^ Inatructional MatTlaia. a quastion of graat practical 
significanca but ona that is not aasily answarad is whathar radio 
lassons can affactivaly substituta for aora axpansiva printad 
matarials lika taxtbooks. Raraly do circuastancas parait valid 
coaparisons to ba aada batwaan tha usa of radio and textbooks. 
Tha ona comparison wa did find was in Nicaragua (Jaaison, Saarle, 
Galda, and Haynaaan, 1981) . Thraa groups (in diffarant schools) 
of first gradars wara coaparad; ona that racaivad radio lassons, 
ona that racaivad taxtbooks, and ona that samrad as a control 
group. Although both tha radio and taxtbook intarvantions shovad 
positiva af facts on achiavaaant and halpad closa rural-urban 
disparitias in achiavaaant, radio had a strongar iapact. Tha 
taxtbook group scorad about .33 of a standard daviation abova the 
control group; tha radio group scorad 1.5 standard deviations 
above the control group. We wonder why acre coaparisons of this 
kind have not bean attaapted. 

It should be noted that the use of radio is not necessarily 
a substitute for using printed materials. We found no instances 
where radi'- was used without supporting printed aaterials. In 
Nicaragua, however, substantial cost reductions were obtained, 
aftar grade one, by doing without student worksheets (exercises 
were copied into notebooks) . 

Qparational Outetwa. Many operational probleas associated 
with using radio were noted. We found that obtaining batteries 
and keeping radios in good repair posed problems in aost of tha 
cases we examined. Reception of clear signals was difficult in 
many schools in Kenya, Mexico, and in the early radio project in 
Thailand. Multiple grade classrooms posed problems in Nicaragua. 

Clearly, such difficulties can lead to a substantial loss of 
instruction during the school year. What cannot be answered is 
what level of instructional loss schools are likely to tolerate. 
We can only speculate that for radio instruction to be viewed as 
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an acc«ptabl« and r«l labia dallvarar of Instruction, tha 
Instructional loss coalng about bacausa of poor physical 
facllltlas and othar oparatlng conditions mast ba consldarably 
lass than what Is routinaly lost through such things as taachar 
absantaalsB. k taachar alsslng school for twatity days a yaar 
night wall ba ragardad as noraal. Convarsaly, missing tan radio 
lassons par yaar may ba ragardad as making rad^o unral labia. Tha 
Radio Math Pro j act In Nicaragua, howavar, showad that It was 
posslbla to addrass tha Issua of mlssad lassons (bacausa of not 
racalvlng broadcasts or absantaalsm) by using radundancy 
throughout tha saquanca of radio lassons. 

Bmiitv . In all tha casas wa axamlnad, radio was usad 
(althouch not axcluslvaly) to raach chlldran In rural araas whara 
aducatlbnal opportunltlas vara jv Igad to ba ln.7arlor to thosa In 
urban araas. In two casas, tha >huar and Tarahumara Radio 
Schools, radio was usad to raach dlsadvantagad sub-populations. 
Tha Shuar schools appaar to hava succaadad In making aducatlon 
mora ralavant to tha community. Tha Tarahumara schools fallad to 
raduca tha gap In achlnvamant batwaan Indian and non-Zndlan 
studants. In tha Dominican Rapubllc, RADECO raachad rural 
*tudants who for aconomlc and gaographlcal raasons wara unabla to 
attand convantlonal schools. 

In Thailand and Nicaragua, wa found, as might ba axpactad, 
that urban radio pupils outparformad thalr rural coxintarparts . 
In Thailand, axistlng dlsparltlas In achiavamant lavals In 
mathamatlcs wara narrowad as a rasult of radio Instruction. 

Tha avallabla avldanca (Kanya and Nicaragua) suggasts that 
boys and girls laam agually wall from radio. 

iralla wa saa In soma casas that tha usa of radio In primary 
aducatlon contributad to Improvad aqulty and that In othar cases 
It did not, wa found llttla Information about radio's 
ralatlonshlp to spaclflc aspacts of family or community Ufa. 

gffactivn— . Thara appaars llttla doubt that radio, when 
usad proparly, can ba an affactlva maans for improving student 
achiavamant in a variety of school subjects. 

Thailand's axparlanca in tha 19608 demonstrated that radio 
could ba used effectively to enrich the school curriculum. In 
comparison with control students, radio studants showad positive 
differences for achievement In music, mixed results for social 
stxidlas, and no real differences In English. 

In the two Mexican studies, we also found positive learning 
affects, although It was not entirely certain that these could be 
attributable to the radio lessons. 

For the interactive .^alo Interventlo s, the Impact of radio 
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on studttnt achlev«n«nt Is Imprttsslvs. From mttmct uizmm rsportsd 
in our project ■xinnary shMts for th« grada/subjsct/skllls 
tested, v« conpar* avsrags Affsct sIzm froa sach of th«8« 
lntttrv«ntlons In thm tabltt bttlow. 



Intttrvttntlon Avsrag* Eff«ct Slztt 



Rals«8 Mttan Prom. . . 



Nicaragua 
Kenya 



.52 
.45 



50th to 70th p«rc«ntll« 
50th to 67th par cant lie 



Thailand 



Urban 
Rural 



.24 
.58 



50th to 59th percentile 
50th to 72nd percentile 



We find a large average effect size of .52 across four 
grades for nathenatlcs Instruction In Nicaragua. If we did not 
Include the results froB grade 4, when the school year coincided 
vlth the onset of the revolution, this would rise to .69. For 
:enya, we also find a high average effect size across three 
grades In listening, reading, speaking, and writing skills. In 
Thailand, effect sizes range from a modest .24 for mathematics 
Instruction among second graders In the area of Bangkok to .58 In 
the rural Northeast. (It should be kept In mind that differences 
In effect size refer to the size of gains and not to absolute 
levels of achievement.) We w^re not able to calculate effect 
sizes for RAOECO In the Dominican Republic. The fact that there 
are no differences between the hour long dally radio Intervention 
In an out-of-school setting and a conventional day of school 
Instruction Is Indicative of success. 

We found little or no Information about radio's 
effectiveness on outcomes other than achievement. 

Internal Efgleienev . We are Interested In whether radio 
contributes to Internal efficiency (apairt from student 
achievement) In the delivery of primary education In developing 
countries. Our judgments regarding Internal efficiency are based 
upon changes In Indicators such as school dropout rates, 
repetition rates, and the number of children being reached by the 
educational system or the quality of education being delivered 
for a given amount of resources. 

There Is evidence that radio contributes to Internal 
efficiency. Ths use of radio In Kenya made It possible to 
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d«llv«r thrM tlm«s as much content In a half hour block of tlma 
as was dsllvsrsd through convsntlonal Instruction (Oxford at al., 
1986) . Taachar and studant attandanca appaarad to ba Improvad in 
tha Naxlcan Radlopriaarla classas (Spain. 1977). Taachar and 
studant punctuality vara posltlvaly affacted by radio In Thailand 
(Galda, 1985). 

Excapt for tha posltlva axparlanca of tha Shuar Radio 
Schools In Ecuador (Claarlnghousa on Davalopmant Coaonunlcatlons, 
1982), va vara unabla to find any avidanca that radio raducad 
dropout ratas. 

Tha Maxlcan Radlopriaarla *s attampt to achla^^t afflclancy by 
using radio to **complata** a school by of faring six gradas of 
Instruction vlth four taachars vas unsnccassful. Most schools 
that andad up using tha radio lassons alraady vara complata 
schools (Spain, 1977). 

Wa found no avidanca that radio raducad rapatltion ratas. 
This vas aspaclally disappointing in tha casa of Nicaragua, vhare 
as Jaaison and McAnany (1978, p. 109) obsarvad: 

...it is parhaps vail vorth noting that, avan though 
tha cost par studant is ralatlvaly high, adoption of 
tha RMP (Radio Mathaaatlcs Projact) vould alaost suraly 
raduca costs par graduata bacausa of tha af fact it has 
on raducing rapatltion ratas. 

Unfortimataly, this hopad-for Inprovaaant vas not raallzad. 
It vas laamad in Nicaragua that rapatltion is only partly 
ralatad to studant parformanca (Gaorga, 1980; Galda and Gonzalaz, 
1980; Jamison, 1980). 

Parhaps tha bast axampla of radio's potarjtlal for Incraaslng 
intamal afflclancy in primary aducation is tha cas^ of RADECO in 
tha Dominican Rapublic. Tha avidanca currantly avallabla 
suggasts studants parform at laast as vail on math and raadlng 
tasts as studants do in convantional schools in tha raglon, but 
vlth about half tha tima spant in Imamina at about half thm coat 
(Friand and Xoslov, 1985; Sanguinatty, 1985). Although va ara 
not comparing full or idantical sats of aducational outcomas*- 
indaad, Friand and Xozlov (1985) nota that no comparisons vara 
mada in scianca and aocial scianca and that convantional achoola 
aim at a vidar ranga of outcomaa than RADECO schools — tha RADECO 
rasults ara nonatha3aas Impraaalva. 

Brttrna l gfficlancsv , Wa found almost no Information that 
allovs us to avaluata radio* a contribution to tha axtamal 
afflclancy of primary aducation in davaloplng countrias. This is 
not aurpriaing, ainca, in moat coiintriaa, littla ampirical 
attantion la glvan to tha ralatlonahlp of primary aducation to 
tha amploymant or tha continuation in aducation of primary school 
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dropout*. Few of th* radio int*rv«ntions that w« Axanlned lasted 
long enough or had the neceeaary resources to look at the longer 
ten success In school or In employsent of students who had been 
taught by radio. We mentioned earlier that it would be very hard 
to presuse that exposure to a half hour broadcast in what night 
have been one school subject during the course of a few years is 
likely to have a discernible effect later in life. However, the 
RAOECO experience in the Dominican Republic, where radio carries 
virtually thA entire instructional load, may offer a good 
opportunity for examining the external efficiency of radio 
instruction. 

sumtalnabllltv. We found that among the cases we examined, 
there was mixed success for radio instruction moving from an 
experimental or demonstration phase to a sustained or expanded 
role in national educational policies. One of the most promising 
demonstrations of instructional radio, the Nicaraguan Radio 
Mathematics Project, was abandoned following the overthrow of 
Somoza. The Radio Language Arts Project in Kenya was 
discontinued after a successful pilot phase. Radio efforts in 
Mexico were abandoned as was one in Paraguay (although apparently 
for reasons unrelated to radio) . On the other hand, the 
Dominican Republic is apparently moving forward to extend RADECO. 
The Shuar Ra'lio Schools, as best we can tell, are continuing to 
flourish. Thailand, supplemental radio has enjoyed sustained 
application *'or more than two decades, and the use of direct 
instruction radio lessons adapted from Nicaragua may one day be 
used on a large scale. 

Comta. What does it cost developing countries to use radio 
to improve the quality of instruction in one or more subjects? 
We believe that the evidence shows that it costs either a little 
or a lot. Whether radio is expensive or cheap depends to a large 
extent on whether one assigns fixed capital costs for developing 
radio lessons to the annuel per student costs, to the number of 
students served by radio instruction, to other assumptions made 
in the calculation, or to how incremental, annual per student 
costs relate to the country's annual overall expenditures for 
primary education. 

The costs of radio appear to be most attractive for a 
developing country ^en a successful pilot program has been 
completed and the costs of instructional development have been 
paid by a donor. No new lessons need to be developed, and there 
are no new transmission facilities required to broadcast across 
the country. There are large numbers of students to be served 
and the fixed capital costs for instructional development (paid 
by the donor) will not be added to the calculation of average 
annual per student cost in order to arrive at an estimation of 
"true c-'sts" to society. Subject to thr assumptions mentioned in 
our project summary sheets, annual ^r student costs were found 
to be $.34 and $.44 for Kenya (Friend and Kemmerar, 1985) and 
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Thailand, raapactlvaly (D«v«lopB«nt Coaaunlcatlons Raport, 1985) . 
Again, thaaa ara baaad on a pro j action of larga nuabara of 
atudanta to ba aaxvad (about ona million) . 

Tha annual par atudant coata will not ba ao low whan thara 
ara fawar atudanta, whan tha capital coata of Inatructlonal 
davalopnant ara inddad, or whan naw broadcasting capacity must ba 
davalopad to add naw gradaa or raach naw raglona. Jaalaon and 
McAnany (1978) aatlaata tha coata of tha Nlcaraguan Radio Math 
Pro j act, which thay ragard aa axpanalva, to ba $3.05 par atudant 
par yaar. Thla flgura waa baaa<il on 120,000 atudanta balng aarvad 
and Includaa a par-atudant allocation of flxad capital coata for 
Inatructlonal davalop«ant. Thla ia what Inatructlonal radio 
could coat a country \inabla to aacura financial aaalatanca froa a 
donor to covar capital coata. Mhan par-atudant allocations of 
fixad costs ara not Includad, tha actual costs to tha country 
approach tha marginal coat (tha cost of adding ona mora studan* ; , 
which, for Nicaragua, was $1.64 par atudant (Jamison and McAnany, 
1978) . 

Tha costs of tha othar casas wa axamlnad varlad wldaly. 
Thailand during tha 1960s, with 800,000 studants balng aarvad, 
showad annual par atudant costs of $.44 (Jamison and McAnany, 
1978) . In tha Maxlcan casas, whara radio was balng usad for 
small numbars of studants (1,000 to 1,800), tha annual par 
studant costs for tha Tarahumara Radio Schools wara $52.86, and 
for Radloprlmarla, $16.44 (Jamison and McAnany, 1978). 

Although annual par studant costs ara uaaful for purposas of 
analysis and comparison thay must also ba vlawad In tha aggragata 
Sanaa ralativa to yaarly aducatlonal budgats. For axampla, a 
cost of $.44 par studant might appaar to ba vary low. But whan 
this Is multlpllad by a million studants, officials in mlnistrias 
of aducation and flnanca must faca adding $440,000 to tha annual 
racurrant aducatlonal budgat for improvamant in ona sub j act. 
This may not appaar attractive if tha altamativa is, 
say, making a flxad invastmant in improving taxtbooks and passing 
on racurrant costs to parants. 



Tha avidanca suggasts that radio can and has playad a 
positlva rola in tha production of laaming in primary schools in 
davaloping countrlas. Wa raach this conclusion on tha basis of 
aight casas from savan countrlas, in which ona nodal of radio 
Instruction is ovarraprasantad. 

Ws find that radio has not bssn fully axploitad as an 
inatrumant of mass communications in tha dalivary of primary 
instruction on a national scala, axcapt in tha caaa of Thailand. 
In most of tha caaaa ravlawad, radio haa baan usad with audiancas 
of about 1,000 - 4,000 studants. Similarly, wa find that radio 
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has bttttn utsd mostly to laprovs ths quality of instruction in ons 
or Bors subjects and not, cxcapt in th« Dominican Republic , as a 
maans to axtand aducational opportunitias to thosa not sarvad by 
schools. Tha avidanca suggasts a ganarally high dagraa of 
taachar accaptanca and that taaehars can laam to work with radio 
instruction with ralativaly littla training. Na found that radio 
lassons vara almost always supportad by printad matarials. 
Racaiving broadcast signals, kaaping radios in rapair and 
euppliad with battarias, and gatting such things as printad 
supporting matarials to schools on tima raprasantad considarabla 
oparational jind managamant challangas. 

Bacausa of lack of avidanca, wa vara unabla to concluda that 
radio has had an affact on tha axtamal aff iciancy of primary 
aducation in davaloping countrias. Tha avidanca that is 
availabla suggasts that radio, apart from its af facts in raising 
studant achiavamant, has had mixad raaults in aff acting othar 
aspacts of tha intamal aff iciancy of aducation. 

Wa laamad that radio instruction in a school sub j act can ba 
dalivarad to childran in schools for about tha cost of a 
taxtbook, batvaan about $.40 and $3 par studant par yaar, 
dapanding on assumptions and conditions. 

At laast for tha intaractiva radio casas, tha avidanca 
suggasts that radio can hava a strong impact on studant 
achiavamant. In viav of this avidanca, va must aslc vhy mora 
countrias hava not adoptad tha intaractiva modal. Quastions that 
must ba askad should includa tha folloving: 

o Has tha casa for taxtboolc availability baan 
mada so parsuasivaly as to ovarvhalm tha 
1 ileal ihood of considaration of othar 
instructional possibilitias? 

o Doas a ganaral rasistanca to tha usa of 

instructional hardwara in aducation in 
davaloping countrias pracluda considaration 
of radio? 

o Ara tha transmission and racaption of radio 
aignals ragardad as simply too unraliabla for 
using radio to dalivar instruction? 

o Ara tha racurrant costs of using radio to 

dalivar primary instruction parcaivad as too 

high? 

o Is tha affort to raorganiza instruction and 
managa a radio dalivary systam ragardad as 
too burdansoma? 
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Th« us« of radio has b**n •ndor««d wid«l r.d at all levels 

of th« international coaaunity as offering an : ;opriat«, 

effective, and affordable Beans for improving ^.ducation in 

dv>veloping countries. To a large extent, its potential has been 

demonstrated. Yet it appears that d .-•loping countries have not 
made as much use of radio in primary e-ucation as one might 
expect. It is important that we learn why. 

Radio as a Pol lev Option . We believe that the literature 
just reviewed points to several key questions that educational 
policy makers in developing countries should ask when considering 
the possible use of radio to extend or improve primar" education. 
They are the following; 

o Radio offers both the advantages and 

disadvantages of what might be described as a 
"centralized" curriculum. Broadcasts come 
from a fixed point at a fixed time; the 
content, language, and "culture" of th^ 
lessons are not subject to much variation or 
control at the local level. Therefore, the 
question to be asked is : Do national 
conditions permit using a centr'ilized 
curriculum such as could be offered by radio? 

o Are there adequate facilities and resources 
to ensure satisfactory transmission and 
reception of broadcasts in the areas to be 
served? Would this be true beyond the stage 
of what might be a preliminary pilot project? 
Does local broadcasting capacity permit 
adding new grades and subjects? 

o Is th«re likely to be resistance from the 

stakeholders in the "curriculum status quo"- 
-textbook writers and publishers, local 
curriculum specialists, teacher trainers, or 
expatriate educational advisers? How might 
this resistance be overcome? 

o While there is evidence that high quality 
radio lessons are often more effective than 
conventional instruction, mediocre radio 
lessons might be less effective than mediocre 
conventional instruction. Therefore, the 
question to be asked is: Is there sufficient 
high calibre staff to develop, produce, and 
deliver high quality radio lessons? Would 
there be a willingnef i, as there was in 
Thailand, to offset some of the fixed capital 
for developing high quality radio lessons by 
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adapting lessons that havm proved to ba 
•uccassful In othar countrlaa? 

o What will ba tha '*add on** coats to th^ annual 
budgot and how will thay ba financed? 



2. Talavialon 

Whan developing countries have turned to Instructional 
hardware to lead the way In major efforts to expand or Improve 
education, they have turned to television. Although radio has 
been recognized as the most universal means of mass communication 
available to developing countries, we observed In the preceding 
section that most nations have so far failed to fully exploit 
radio's potential for reaching large numbers of children. This 
Is not so with television. Where experiments with radio 
typically Involved 1,000 to 4,000 students, experiments with 
television have reached school audiences of up to a half million. 



Tho television experiments of the sixties and seventies were 
clearly ambitious, and often linked to a complete reform of part 
or all of an educational system. The appeal of television and 
the great expectations that were placed upon it reflected more of 
an appreciation of tflilevision's growing economic and social power 
in industrialized cour4trles than in any demonstrated 
instructional capabilities. Indeed, Schramm's (1962) comparisons 
of instructional television with conventional teaching should 
hardly have aroused great expectations. Of 421 comparisons, €3 
favored television, 50 favored conventional teaching, and 308 
showed no differences. The proposition that television can be as 
good as conventional teaching would be compelling if the strategy 
called for replacing teachers. But in most of the experiments of 
the sixties and seventies, television was used for only part of 
the instructional day, to aid teachers rather than replace them. 
Before making an investment in a complex and costly undertaking 
like television, one would want evidence to suggest that 
television could be a good deal more effective than conventional 
teaching. We look at the use of instructional television in 
seven countries—American Samoa, El Salvador, Ivory Coast, Niger, 
Colombia, India, and Nigeria. 



One of the most ambitious attempts to make use of television 
to improve school instruction took place during the sixties and 
seventies in American Samoa. (Unless otherwise indicated, 
information in this section is drawn from Schramm at al.', 1981.) 
Television was chosen as an effective and economical mea^s to 
forge a complete modernization of primary and secondary school 
education. The hope was that through a transformation of the 
educational system with instructional television as the principal 
delivery vehicle, the academic performance of Samoan students 
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could b« brought to l*v*l« squal to tho«« of ■tud«nt» in good 
schools on th« U.S. nalnland. 

Th« sxpsrimsnt in Aasrican SaaoA spannsd Bor« than fift«sn 
y^ars. It included a rsworlcing of ths curriculum. Lassons ware 
davalopad to covar about 35% of all classroom tima. Lassons, 
which vara producad in English, lastad about 8 minutas in the 
aarly gradas and 25 minutas in tha uppar gradas. Talavision 
lassons vara accompaniad by a packat of curriculum natarials, 
including lasson plans, instructions for tha taachars, and 
supplamantal raadings. 

Advisars from tha U.S. took charga of almost all aspects of 
tha educational program. It was recognized late in the 
experiment that the failure to involve Samoan teachers in the 
planning and development of instruction and the great haate in 
moving to cover the entire primary-secondary school curriculum 
ware serious errors. 

It was planned that the experiment would not be evaluated 
xintil the first cohort had received a complete twelve years of 
instruction under the new system. Baseline information was not 
collected. About six years into the project, standardized tests 
were administered to students in various subjects and at various 
grade levels. At best, the achievement tests yielded a mixed and 
inconsistent picture of the effects of student learning on 
achievement. 

Emery (1985, p. 498) takes exception with what often has been 
a generally positive portrayal of the results obtained in 
American Samoa. She asserts that: 

Results showed that after seven years of expensive 
concentrated ETV under the most optimal conditions, 
grades 3-12 achieved 59 per cent of United States 
norms. This was a drop from the 60 per cant they had 
been achieving in 1935 when there was only the most 
•primitive' oral society teaching by untrained native 
teachers . . . 

The data scattered through the 'bold experiment' leaves 
little doubt about two matters (M. Emery, 1984). 
First, for every subject for which any reasonable 
baseline data could be established, ETV failed and it 
failed in direct correlation with grade, or increasing 
abstraction and conceptualization of knowledge. 
Second, the senior author (Schramm) .. .appears to have 
done everything possible to put the results in the most 
favorable light. As an example, we have from his 
Tables 21 and 23 (pages 115 and 116) the fact that 
there was a 9 per cent decline in oral English scores 
in Grade 7 after three years with ETV. After 
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discussion of ths posslbls rsasons for this rssult, 
nonm of which touchsd upon ths fallurs of tslsvislon as 
a tsachsr, ths tsaa concludsd that (p. 127) *thsrs Is 
svsry rsason, at Isast, to think that ths standard of 
English usags laprovsd notably during thoss ysars* 
(l.s. 1964-70). Thsn, vhsn vs sxamlns Tabls A.ZI vs 
find In thslr own flgurss for ths tsachlng of English 
that facs-to-facs tsachlng Is fron 16*19 tlmss mors 
sffsctlvs than tslsvlslon. 

Ths costs of Instructional tslsvlslon In Amsrlcan Samoa ware 
high. In 1972, with school snrollmsnts of 8,100, ths psr studsnt 
cost (Including a shars of annuallzsd capital costs) was about 
$166 psr ysar. 

A survsy conductsd In 1972 found a high dsgrss of accsptance 
of Instructional tslsvlslon among slsmsntary school tsachsrs and 
administrators, sspsclally for tsachlng oral English. At ths 
high school Isvsl, ths uss of tslsvlslon was strongly criticized 
by teachers and ftudents. 

In 1970, political winds changsd. Ths Incoming Governor to 
American Samoa described ths sxpsrlment with instructional 
tslsvlslon as trx **uttsr and complsts fallurs** (quotsd In Schramm 
St al., 1981, p. 80). Opposition to tslsvlslon Isd to an sventual 
reduction In Its uss as tsachsrs wsrs glvsn ths authority to 
decide when and where to uss It. In 1974-75, powsr shortagss 
were encountered throughout the year, and television was not 
received during the final month of school. By this tlms, only 
ons channsl was bslng ussd Instsad of six (Masland and Masland, 
1976). In 1975, ths uss of tslsvlslon was sllmlnatsd sntlrsly at 
the secondary level. 

El Salvador 

The uss of Instructional tslsvlslon was also the centerpiece 
of a major education reform In El Salvador during the sixties and 
seventies. (Unlsss othsrwlss specified. Information In this 
section Is drawn from Mayo st al., 1976.) El Salvador embarked 
upon a reform of Instruction for grades 7-9 In order to widen 
access to secondary education. Television was ussd to provide 
Instruction In mathematics, English, Spanish, social sciences, 
and natural sciences. The uss of television was embedded In a 
larger curriculum reform which Included retraining of teachers, 
revision of Instructional materials, and the building of new 
facilities. 

The reform was very successful In widening the path to 
secondary school. In 1968, there were 19,104 students enrolled 
in grades 7-9; this Increased to 65,390 In 1973. The government 
placed hopes on Increasing the number of persons who would leave 
school with a ninth grade education to take training for middle 
level technical jobs. 
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Th« costs of instructional tslsvision w«r« considsrably 
lower in El Salvador than in Aasrican Samoa. Ths psr student 
cost, bassd upon snrollBsnts of 48,000 students and assuming 170 
hours of programs, were calculated to be $24.35 per year in 1972. 
camoy (1976) estimated costs to be about $26 per studeht. He 
points out that this would come to about $780 per classroom of 30 
students. This was almost 60% of the annual salary of a junior 
high school teacher in 1970 ($1,400). 

The results obtained in El Salvador were mixed. Mayo et al. 
compared the performance of three cohorts of students (those who 
started seventh grade in 1969, 1970, and 1971). In the final two 
years, comparisons were made between students receiving 
instructional television and those not receiving instructional 
television but benefiting from other aspects of the educational 
reform. The ITV students fared better than non-ITV students in 
the seventh grade. In eighth and ninth grades. Mayo et rl. 
conclude that the "advantages of ITV were not apparent." 

The ITV students outperformed their non-television 
counterparts on tests of general ability. On achievement tests, 
between seventh and ninth grades, ITV students showed better 
gains in mathematics; gains in reading were about equal; results 
in social sciences were mixed; and in science, non-ITV students 
showed better gains than students learning science through 
television. 

It was discovered that boys gained more than girls, and in 
general, television did not reduce the effects of student 
background variables (father's education, family wealth, and 
urbanization) on achievement. Over 85% of students were found to 
be continuing their education after the ninth grade, but half of 
them were enrolled in courses leading to university studies and 
not to preparation for middle-level technical jobs, as had been 
hoped for by government planners. University enrollments were 
not widened. Mayo et al. concluded at the time that students' 
"high educational aspirations are not realistic in terms of the 
tangible opportunities available to them in the near future." 

By the end of 1972, some disenchantment with television was 
growing on the part of teachers. Mayo et al. note that the 
majority still believed that educational television could be an 
important teaching tool. But in later years, opposition to 
television grew, and the cost of television became an issue when 
teachers went on strike for higher wages. 

Ivory Coast 

During the seventies, the Ivory Coast also undertook an 
ambitious reform of primary education with television playing a 
leading role. (Unless otherwise indicated, information from this 
^ section is drawn from Kaye, 1976.) The strategy in the Ivory 
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Coast was to maka uaa of talavision to incraasa tha quality of 
instruction, which would allow for introduction of a policy of 
> automatic promotion and graat raductions in dropouts. Thus, aven 
with tha add"-on costs of talavision and improvad taachar 
training, cycla costs par graduata would ba raducad. 

Tha projact bagan in 1971 with 21,000 first gradars. Tha 
plan callad for adding ona grada par yaar. Ovar a fiftaan yaar 
pariod, anrollmants in primary schools wara to ba triplad, and by 
1986, tha antira 6-12 yaar aga group would ba anrollad in ITV 
schools. A thorough ravision of tha curriculum and upgrading of 
taachar qualifications was plannad to accompany tha usa of 
talavision. Thara was also an ITV component for out-of -school 
adult groups. 

By 1979-80, 15,635 classas wars racaiving instructional 
talavision, raprasanting about 84% of all studants (Hawkridga and 
Robinson, 1982) or in axcass of a half million studants. ^assons 
wara broadcast covering French, reading, writing, mathematics, 
hygiene, moral education, civics, environmental studies, and 
physical education. 

Camoy (1976) estimates a cost of $13 per student per year 
for 1976, based upon enrollments of 336,000 students. 

He did not find published data with respect to student 
achievement. Hawkridga and Robinson (1982, p. 163-164) refer to a 
series of studies undertaken by a teeun of researchers from the 
University of Liege in Belgium and observe that: 

Interpretations of the results of testing the students 
differ. The Belgians found that many studants did not 
master the first grade curriculum; this was true in 
television schools and those without television. It 
caused problems in second grade in television schools, 
where the curriculum was based on mastery having been 
achieved in the previous year. Students in television 
schools who repeated first grade did better the second 
time but only rarely did they achieve mastery. The 
team noted that students had difficulty in particular 
with graphical representations. On the other hand, it 
seems that television teaching was most affective in 
teaching spoken French, with the children o^ television 
schools improving their proficiency in the language 
markedly more than those in other schools. Less 
satisfactory progress was recorded in written French, 
and changes are to be made in the methods of teaching 
the written language. SiMiilarly, * changes have already 
been made in the content and pedagogy of the modern 
mathematics programmes, which were initially radically 
new to both teachers and students . . . 



ERIC 



46 



36 

Havkridg^ and Robinson also rsport that ths information 
collsctsd by ths Bslgian tsaa shows that ths uss of tslsvision 
hslpsd squalizs sducational opportunitiss in rural arsas, that 
ths **ran9s of dif fsrsncss in standards bstvssn ths bsst and 
poorsst tslsvision schools is small vhsn msasiiri^d by studsnt 
achisvsmsnt on tssts. Soms of ths rural schools ars in fact 
among ths bsst now.** (p. 164). 

Kays (1976) notss that ths uss of tslsvision in ths Zvor> 
Coast brought about a rsduction in ratss of rspstition and drop* 
out, and unit costs psr graduats vsrs lovsr than xindsr ths 
traditional systsm. Unfortunatsly, according to Kays, only a 
guartsr of graduating studsnto would find placss in sscondary 
schools. 

Dsspits ths comparativsly modsst annual psr studsnt costs, 
ths Ivory coast apparsntly found tslsvision too sxpsnsivs and no 
longsr usss it in schools. 

Nigsr tumsd to tslsvision during ths sixtiss as a msans to 
hslp ovsrcoms an acuta shortags of trainsd primary school 
tsachsrs and to in j set modsm msthods of thought, sxpjcsssion, and 
tsaching into ths school sstting. (Unlsss othsrwiss indicatsd, 
information in this ssction is drawn from ths Clsaringhouse on 
Dsvslopmsnt Commxinication, 1982.) 

Lsssons wsrs broadcast daily in Frsnch and arithmstic* 
Classroom monitors, who lacksd ths qualifications of trainsd 
tsachsrs, wsrs supportsd by short training coursss and in-ssrvice 
sducation via radio. About 700 childrsn wsrs rsachsd during a 
pilot phass; this ross to 9,000 in 1975. 

Ths uss of tslsvision appsarsd to havs a strong impact on 
rsducing school dropout ratss. During ths sixtiss, dropout rates 
in Nigsr approachsd 40%; 674 of ths original 716 studsnts who 
bsgan Tsls*Nigsr classss in 1966 complstsd ths four-ysar cycle in 
1970 (this rsprsssnts a dropout rats of Isss than 6%) • 
Attsndancs was also found to bs considsrably bsttar than in 
traditional classss. 

Thsrs sssms to bs littls rsadily availabls information on 
studsnt achisvsmsnt. Ths Clearinghouse on Develormsnt 
Commvinication (p. 64) notss: 

Ths problems identified in various studies relate to 
the uss of Frsnch in ths broadcasts and to ths quality 
of sducation rscsivsd by studsnts in ths tslsvissd 
classroom. In particular, TV studsnts psrformsd less 
wsll than studsnts in ths traditional classroom in 
standardizsd math and grammar tssts. To hslp assuags 
this problsm, a fifth ysar was addsd to ths tslsvissd 
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curriculxuB in 1970. 

Wtt vttrtt unabl* to locat* cost information r«l«vant to yaars 
whan covaraga of Tala-Nigar axpandad bayond its axparimantal 
phasa. Camoy (1976) astisatad costs for 1969 basad upon 800 
studants talcing part in tha pilot phasa. This caaa to $1156 par 
yaar. Naadlass to say, this is not a good astinata of what 
talavision would cost in latar yaars whan tha systaa axpandad. 

From what wa can tall, talavision is no longar baing usad 
for primary school aducation in Nigar. Apparantly, opposition to 
tha usa of talavision was ancountarad from taachars' unions and 
from within tha ministry of aducation itsalf . 
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In tha sixtias, Colombia put talavision to tha task of 
improving primary school instruction and providing in-sarvica 
aducation to taachars. (Unlass indicatad otharwisa, information 
in this saction is drawn from Schramm, 1967.) Talavision vas 
usad to provida instruction in fiva gradas. Each grada racaivad 
ninaty minutas of instruction in diffarant combinations of 
sub j acts, which included mathamatics, social studias, language, 
natural scianca, and music. 

In 1965, talavision raachad about 250,000 pupils. This 
resulted in an annual par student cost of only $4 (Camoy, 1976) . 

There were mixed reaults with respect to student 
achievement. At the end of the first year's use of television, 
groups of television and non-television students were tested, 
5,000 in all. Sight comparisons were made. In three of them, 
the television students significantly outperformed non-television 
students (grade 2 language, grade 5 mathematics, and grade 4 
natural science) . In five comparisons, there were no significant 
diffarences. 

Wa found no information about whether television continues 
to be used in Colombia. Lyla (1982, p. 292) suggests that the use 
of television may have been curtailed. 

The massive Colombian project reported in the 1967 
series was attempting to upgrade rural primary schools 
through direct television instruction. It relied 
heavily on the use of American Peace Corps Volunteers 
for utilization supervision. For this the project was 
fortunate to have been the focus of the largest single 
cadre of volunteers in the entire Peace Corps. But 
even at the time of the case study, the Peace Corps was 
winding down. 

To the extent that the project has redirected its focus 
from rural to urban schools, the move may well have 
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btten a n«c«8s&ry and wis* on«, simply becaustt of the 
inability to continu* providing ad«quat« utilization 
suparvision in tha rural araas. 

India also has had axparianca with tha use of television in 
primary education. This came as part of the Satellite 
Instructional TV Experiment (SITE) and is described in Shukla 
(1979). Television was used to bring a daily 22 minute program 
of general enrichment to rural schools in six states. Lessons 
were aimed at grades one to five. . The children were from 
disadvantaged homes, often thc> first generation in the family to 
attend school. The objectives of the programs were to help the 
children learn community living skills, develop awareness of the 
modernization of society, instill habits of hygiene, promote 
aesthetic sensitivity, and improve basic concepts and skills in 
math;^matics , language, and technology. There was also a series 
of science programs for 9-12 year old children. 

An evaluation of SITE showed mixed results. There were no 
significant differences between SITE and non-SITS children with 
respect to achievement in school subjects or in school 
attendance. It appeared that centralized development and 
production of progreun material failed to come to grips with the 
cultural diversity of the audience. The amount of information 
and pacing of messages proved difficult for the children to 
understand, especially in science. There did appear to be 
evidence that the language development of some children was 
positively affected. Although it appeared that teachers were not 
generally unfavorable to the use of television, they were not 
persuaded that television instruction was superior to face-to- 
face instruction. 

We found ro information on the current status of SITE in 
primary education in India or on costs. 

There was a six year attempt (1959-65) to use instructional 
television in Nigeria. Different regions made use of television 
at different educational levels. In Lagos and Kaduna, television 
was tried at the primary level. According to Schramm (1967), 
Nigeria experienced almost every difficulty imaginable: 
jurisdictional conflicts between the Ministries ot Education and 
Information, difficulties in transmission and reception, power 
failures, uncertainties about broadcast schedules, opposition 
from teachers, and lack of trained personnel of all kinds. 
Perhaps the most telling point was a discovery that three-fourths 
of the television sets found in schools were inoperative. 

Estimated annual costs (for Lagos) were $6 per student for 
about 26 hours of instruction, based upon 17,200 students 
(Camoy, 1976) . We found no information about the educational 
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6ffectlv0ntt88 of thm t«l«vision iMSons. 



ConclualoM 

Tak«n tog^th^r, thm div«rs« •xp^ri^nct of th^s^ s^vm 
coiintritts with ttm Msm of instructional talavision for primary 
aducation has baan disappointing. Tha ovarall imprassion is that 
tha usa of talavision can ba axpansiva and that it contributas 
littla (in soma casas, nothing) to studant achiavamant. 
Talavision oftan arousas strong opposition on tha part of 
taachars and aomatimas rasistanca on tha part of studants. There 
is a striking lack of success in upgrading talavisioi« usa from an 
experimental phase to a permanent feature of national education. 

However, care must be taken when trying to draw conclusions 
about using television as a medium to deliver primary school 
education in developing countries. It may veil be the case, 
bearing in mind the earlier discussion of the medium versus 
method issue, that tinlike radio, a satisfactory model for 
instructional television programs for the primary school 
classroom has not been found. 

Television as a Policy Option , Educational policy makers in 
developing countries who may wish to use television to deliver 
primary education should ask the same questions asked for radio 
and some other cpiestions as wall. These would include the 
following; 

o Has consideration of the possibilities 

offered by television followed an adequate 
consideration of tha possibilities offered by 

radio? 

o Given the generally disappointing results 
with instructional talavision in other 
developing countries, what suggests that 
things could be different in the present 
context? 

o Would time and resources be sufficient to 

allow an experimental phase of activities to 
develop and test a model of television 
programming that **works^ in the primary 
school classroom in a developing country? 

o Could the chances of success in using 

television be improved by strategies (and 
possibly a combined use of related technology 
such as videocassette recorders) that would 
allow greater flexibility and teacher 
involvement in using television in the 
classroom? ^ 
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Belgium, Brazil, China, Colonbia, Japan, K^nya, thm Netherlands, 
New Zealand, and Senegal. However, UNESCO adsits that the pace 
of change taking place in most countries aaXes it difficult to 
keep an up-to^ate inventory. Asseesing the exteneivenese of 
computer use in developing countries is also complicated by the 
difficulty of obtaining infcrsation at a subnational level — 
where individual or groups of schools may be introducing 
computers without government assistance. These efforts often go 
undocxmented. 

Kducsatlonal Vmmm 

The possible educational uses of computers in developing 
countries can be anticipated by taking the experience of 
industrialized countries as a starting point. These uses, which 
in concept or practice are not always distinct, include the 
following: 

Computer Literacv . There are numerous definitions of 
computer literacy. The most common element is, perhaps, the goal 
of preparing people to live in the "information society** or to 
**demystify** the computer. India and Mexico are two developing 
co\ir».tries now embarking on national programs of computer literacy 
(Can>oy and Loop, 1986). 

The applicability of the notion of computer literacy for 
developing countries is considered in Papagiannis et al. (1987). 
They contend that the idea of computer literacy must be broadened 
and that its educational agenda must be linked to the wider 
context of national development. They suggest three main 
dimensions of computer literacy: 

(a) computer literacv as employment preparation ^'^The authors 
see some value for employment-oriented technical training in 
computer-related skills but urge that these programs be kept 
small in size and confined to the upper secondary school 
level ; 

(b) computer literacv as informatics — The authors contend 
that an understanding of the social, economic, political, 
and cultural dimensions of information technology will be 
important for national development and should aim at closing 
""he gap between the rich and the poor. They recommend 
programs of adult education that address the issues of 
information technology and its role in development and 
recommend providing opportxinities for greater access to 
microcomputers and other information technology. The issues 
of information technology for national development might 
also be addressed in social studies courses in schools — 
even those where computers have not been introduced; 

(c) computer l iteracv as productivity enhancement— The 
authors point out that "computer literacy as productivity 
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•nhanc«B«nt r«lat*« to learning to us^ computers to improva 
non-computar ralatad activitiaa," (p. 78). Th«y suggast that 
tha usa of productivity aoftwara will and should follow a 
lass "parsonal" coursa than it has in industrial izad 
countrias. Thay urga that co«putar litaracy as productivity 
anhancamant should ba oriantad toward tha goal of national 
davalopmant and might taJta placa within daaonstration 
pro j acts in haalth, nutrition, and coaaunity davalopmant. 
Tha aim would ba to promota graatar local control and salf- 
raliancr in tha davalopmant procass. 

Dtraet Instruction . Computars hava baan usad as a maans to 
provida diract instruction in school subjacts liJca mathamatica, 
languaga, and sciarca. Distinctions— of tan valua ladan— ara made 
batwaan instructionAl stratagias usad in computer instruction: 
drill and practice, tutorials, games, simulations, and problem- 
solving. Friend (1985) arguas that these catagories ara not 
always distinct. She notes that the common distinction between 
tutorial programs and drill and practice is not always clear, 
since tutorial programs often contain practice components and 
that well-designed drill and practice progrixma allow students to 
abstract to general principles from the axersises given. 

In 1985, about 77 percent of the time spent in computer usa 
in elementary schools (below grade 4) in the United States was 
for drill and practice in reading, language arts, and arithmetic 
(Becker, 1987b) . 

££2gEaaBlna« computers have also been uaad in schools for 
the purpose of teaching programming. This is especially true at 
the secondary level. In the United States, for example, about 
42% of the computer time in high schools is devoted to 
instruction in programming (Backer, 1987b) . The intention here 
is often two- fold. Advocates of teaching programming argue that 
this will (a) lead to a better or more rapid development of 
higher order cognitive skills, or (b) that programming skills 
will be useful in finding employment. At the primary level, 
there is sometimes an affort to teach what Friend (1935) refers 
to as the "beginner's programming language." These include 
languages such as BASIC, LOGO, and Small Talk. 

Lockheed and Mandinach (1986) tie a declining interest in 
post-secondary computer-related careers now being witnessed in 
the United States to poorly taught pre-college instruction in 
programming. With respect to the external efficiency of recent 
efforts to teach programming, thay cite a study by Linn (1985, 
p. 22) that points to the conclusion that: 

Programming instruction at the pre-college level was 
inadequate in scope, depth, and choice of language, in 
moat cases, students enrolled in collage courses had to 
unlearn misconceptions and poor techniques before thay 
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could profit from college instruction. 

Conputara as Tool a > Th«r« appears to ba an amarging 
conaansua on tha valua of taaching atudanta to uaa conputars as 
productivity tools aithar within axisting school sub j acts or in 
spacial coursas. This involvas instruction in tha usa of 
spraadshaats , word procassors, outlinars, and databasa managers. 

Compared to computer«assistad direct instruction and 
programming, using computers as tools appears to be gaining 
rapidly in relative importance in schools (Hunter, 1987). The 
merits of the ""tools'* approach are considered in Lockheed and 
Handinach (1986). They cite the enormous difficulties in 
integrating computers into the curriculum. They suggest an 
applications-based computer course** as aii alternative to full 
curriculum integration and programming courses. Such a course 
would emphasize generalizable skills through instruction in use 
of the various applications packages mentioned above and would be 
linked to the regular school curriculxu through collaborative 
teaching. 

Papagiannis et al. (1987, p. 61) believe that using computers 
as a tool may be a fruitful approach for developing countries. 
They contend: 

...that the link between these (enduring) goals (of 
education) and what can be practiced using the various 
data-base management programs, word and concept- 
processing (outlining) programs, spreadsheeting, 
quantitative and qualitative data-management programs, 
within the various subject-area specialties, are 
precisely the skills we urge our teachers to prepare 
students in. In other words, our traditional 
educational aims of improving problem'- aolvina . problem- 
posing and critical undarstandina through tha use of 
productivity tools and creative programs in tha 
sxibject- areas could become a reality in practice... 

Besides the above categories of classroom use, computers may 
also be used in education f^r various diagnostic, monitoring, and 
testing puinposes (computer-managed instruction) as well as for 
schcol administration tasks. 



Hardware Conf icrorationa and Accaaa 

There are aaaantially two optiona that developing countries 
might follow with regard to selection of computer hardware for 
education. One uses a minicomputer to route instru'^tion to 
individual student terminals. These systems tend to use complete 
curriculum packages and offer features for diagnosis, evaluation, 
and monitoring of student progress. Such a system has made it 
possible to run more powerful software and offers the potential 
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advantage of gr«at«r ^as^ in classroom managsmsnt. With a 
minicoaputsr systsm, software doss not nssd to bs passsd around 
and gsnsrally only a singls systsa managsr, rathsr than a host of 
tsachsrs, must bs trainsd. (AZD*s Lraming Tschnologiss Project 
is currsntly evaluating ths Control Data Corporation/WICAT 
minicomputsr application in a primary school in Grenada.) 

More common, however, will be a configuration using 
microcomputers. These may be installed in different classrooms 
tnroughout the school or placed together (and sometimes linked 
together) in a single room. UNESCO's (1986) survey of 43 
countries found the trend to be toward the one-room **computer 
laboratory. 

Schools may begin acquiring microcomputers without making as 
large an initial investment as with a minicomputer system. 
Microcomputers offer more flexibility with regard to how they 
might be used in classroom activities and in software selection. 



Access and Eauitv 

Both the availability of hardware in relation to the number 
of students in a school and a school's curriculum decisions 
affect the amoxint of access a student has to the computer. Even 
in the industrialized countries, there is a great deal of 
variation to be found with rer^pect to access. In the United 
States, by spring \9B5, five out of six primary schools had 
acquired computers for instruction; at the secondary level, the 
majority of U.S. high schools had fifteen or more computers for 
instruction (Becker, 1987b). In the space of two years (1985- 
87) , the computer to student ratio in elementary schools is 
estimated to have gone from about 60 to 1 to about 40 to 1 
(Becker, 1987b) . 

Other industrialized nations have considerably fewer 
computers available in schools. UNESCO's (1986) survey found 
that for 30 countries having a national policy for the use of 
computers in education, the average number of computers per 
school was five. 

In developing countries, it is very likely that schools 
interested in introducing computers will attempt to get along 
with even fewer machines, perhaps one per school. It is 
difficult to predict the possible effects or even how one might 
organize instruction in such a **lone or sparse micro** scenario. 

The use of computers in education raises questions that 
access to computers may be affected by race, ethnicity, gender, 
and social class (see Camoy et al., 1986; Lockheed and 
Mandinach, 1986; and Papagiannis et al., 1987, for a discussion 
of these issues) . 
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With respect to possible gender bias in access to computers 
in education, Papagiannis et al. (1987, p. 50) put the issue as 
follows: 

While access to computers at the primary level showed 
little or no gender bias, at the secondary level, 
access and use by male students was much higher than 
for females. This parallels the predominant use of 
microcomputers in math and science, where gender bias 
has long been entrenched. 

The effects of gender on computer access may disappear when 
contextual variables are taken into consideration. Becker 
(1987a, p. 14) notes the following: 

Boys and higher-ability students also use school 
computers disproportionately, although not in all 
respects. The sex discrepancy is greatest where 
computers are least connected to school curricula— ^n 
before- and after-school activities, in game playii ^ in 
secondary schools, and in elective programming 
activities in elementary school. Parity between boys 
and girls is most often founi in computer-assisted 
instruction activities, in writing and word processing, 
in elementary-level learning games, and in programming 
activities in secondary school. Although people 
usually perceive girls as being underrepresented in 
progreunming activities, on national basis the 
differences are small in hi^n schools, especially where 
curricular activities exist for entry into programming 
classes. . . 

Williams' (1987) study of computer access and student 
attitudes in Trinidad and Tobago confirms the importance of the 
connection to the school curriculum when looking at the question 
of gender and access to computers. She found that within schools 
where computers are being used in instruction, females had 
greater access than males, but that outside of school, the 
reverse was true. 

A second access/equity issue has to do with how computer use 
within classrooms is affected by characteristics of students such 
as race and social class. It is often pointed out that students 
from more well-to-do families are more likrly to receive exposure 
to more **cognitively exciting** software like LOGO and that less 
well-to-do students are likely to be exposed to the **drudgery** of 
drill and practice software. But the charges of inequity in this 
comparison are not clear-cut since the ^nefits of computer- 
assisted instruction for remediation in Jaasic skills have been 
demonstrated and the benefits of LOGO for the development of 
thinking skills have not. 
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How thttstt issues of access/sciuity suggsstsd by ths 
expsrisncs of industrializsd nations play out in ths context of 
developing countries cannot be predicted. The access/ equity 
::uestion8 within and between computer •using classrooms are 
certainly likely to be of less concern to policy makers than the 
questions of disparities between the '*have*s and have not*s,** 
that is, between public and private schools, between urban and 
rural schools, and with respect to a choice between wider access 
to computer literacy at lower grade levels ^ni a more focused 
employment-oriented concentration at higher levels. 



Likely EffectivenMs 

There have been numerous summaries and interpretations of 
the literature on the effectiveness of computer-assisted 

instruction (Camoy et al., 1986; Papagiannis et al., 1987; Burns 
and Bcze^^ian, 1981; Vinsonhaler and Bass, 1972; Forman, 1982; 
Rogosta, Holland, and Jamison, 1982; Hartley, 1978). 

For our purposes, a useful benchmark was esti >li8hed hy 
Kulik, Kulik, and Bangert-Drowns * (1985) meta-analysis of 32 
research studies on the effects of computer-assisted instruction 
on the achievement of elementary school pupils in various school 
subjects. They report an average effect size of .47 (considered 
to be high) for the use of computer*assisted instruction. Other 
met&*analyses have shown effect sizes of similar magnitude 
(Niemiec and Walberg, 1985) • 

One problem with the meta-*analyses is that the studies upon 
which they are based are becoming dated. Becker (1987a, p. 5-6) 
observes that 99% of the studies drawn upon in the meta-analyses 
us^ '^computer systems, software, and social organization of 
implementations that characterize, at most, one or two percent of 
all the instruction in traditional academic subject matter using 
school computers today.** Only a few of the studies in the meta- 
analyses reflect the u"*e of microcomputers. However, a review of 
research on computer effectiveness in instruction (Roblyer, 
Castine, and King, forthcoming) that takes into account more 
recent studies found an average effect size of .53 from studies 
on the use of computers at the elementary school level. 

The syntheses of studies on the effectiveness of computers 
in education are of limited value to educational policy makers in 
developing countries, where the educational circiimstances are far 
different from those in more developed countries and where 
empirical investigation into the effectiveness of computers in 
education is only beginning. Nevertheless, the evidence now 
available does provide justification for the expectation that 
instruction delivered by computers will positively affect student 
achievement. This is a useful starting and reference point for 
the more situation-specific investigation that must take place in 
developing countries. 
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Such a relationship is liksly to bs diffsrsnt in devsloping 
countriss vhsrs costs of hardvars ars liksly to bs largsr in 
rslation to salariss. In gsnsral, hovsvsr, without knowing what 
a country hopss to accomplish with coaputsrs in ths classroom, 
ths hardwars, softwars, and psrsonnsl aval labia within schools, 
ths numbsr of studsnts who can bs ssrvsd by ths computsrs, the 
spscif ic conditions undsr which studsnts will work with 
computsrs, and ths sffscts of possibls cost rsductions through 
using computsrs aftsr school hours for othsr purposss, it is 
impossibls at this tims to spsak with assurancs about ths likely 
educational costs of computsrs in dsvsloping countriss. 

SQftirars Suitability , Concsms about ths transfer of 
softwars to dsvsloping countriss ars widssprsad in ths 
litsraturs. UNESCO (1986) rsports that ths problem consists of 
ths suitability of importsd softwars for ths curriculum, the 
suitability of softwars in various linguistic/ cultural settings, 
and the portability of softwars across ths hardwars and operating 
systems used in diffsrent countries. 

UNESCO maintains that governments pay insufficient attention 
to the question of softwars in thsir plans. Whils many countries 
appear to be producing softwars of their own, UNESCO notes that 
even a softwars exporting country like Australia depends for the 
most part on importsd softwars bscauss domsstic production is 
insufficient. Of equal concern, available softwars is often not 
adequately evaluated and validated. UNESCO (1986, p.l6) notes 
that in ths Unitsd States, thsrs are 20,000 educational programs 
on the market, and it is estimated that only about 10% of these 
have been assssssd. 

Hebenstreit (1986) cites ths problem posed by copyright 
arrangements for software. If developing countries are not able 
to make legal copies of software packages and must purchase as 
many copies as ^here are computers, the possibilities for using 
computers in the classroom will be ssvsrsly constrained. 

In educational policy discussions that will take place in 
developing countries during the coming years, the issue of 
software suitability could raise the question of educational 
relevance more forcefully than anything experienced since Third 
World countries began refashioning curricula and curriculum 
materials following independence. In most instances, developing 
countries intending to use computers in education will be forced 
to rely on imported software. Policy makers considering the 
insertion of imported software into an existing curriculum must 
ask: 



o Where in the curriculum is this appropriate? 



o How much of an existing curriculum might be 
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r«plac«d or supplenented by imported 
software? 

o Do cultural or linguistic aismatchss bstvssn 
imported software and local circximstances 
offend national or regional pride? Do they 
also affect learning? 

Freeman's (1987) study of a computer classroom in Grsnada is 
an early attempt to explore some of the problems Third World 
children encounter while working with imported educational 
software. 

0 |)eratinq Reauir—entm . The problems posed by heat, 
humidity, dust, access to necessary sources for maintenance and 
repair, and access to satisfactory electrical current in 
developing countries are obvious to most people and need not be 
elaborated on here. Phillips (1987) and Freeman (1987) describe 
how computer-assisted instruction in Grenada is affected by 
system reliability and poor electrical supply. 

Teacher Training . There is wide consensus that teachers are 
usually not adequately prepared to operate effectively with 
computers in iniitruction (Hebenstreit, 1986; Camoy et al., 1986; 
UNESCO, 1986; Lockheed and Mandinach, 1986). Camoy and Loop 
(1986, p. 6) describe the situation as follows: 

Few countries seem to have taken the necessary steps to 
prepare teachers to use computers, even when hardware 
Is installed in schools. There is also little 
agreement on how to prepare teachers beyond short term 
courses (6-15 days) that merely help understand how to 
use computers in the classroom. The problems of 
implementing even this type of training are apparently 
great. Those countries most committed to computer 
training for teachers (Sweden, UK, France, Australia, 
and Canada) have reached only 25% of their teaching 
force. In most other countries, less than 5 percent of 
teachers have taken such courses (2 percent in Latin 
America) . Even though some countries have recently 
launched national teacher training programmes (India, 
Chile, Korea, Cuba and Mexico) , most are not devoting 
the necessary resources to training, but rather to 
purchasing hardware . . . 



Likely Future Directions 

The widespread introduction of microcomputers into schools 
in the United States began prior to a clear demonstration of 
their effectiveness as educational tools, and, in many cases, in 
the absence of systematic planning on how they would be used. We 
^ see 9 similar pattern emerging in developing countries. 
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D«v«loping countriM, •spacially in Latin Amttrica and the 
Caribb«an, ar« b«coning incrsasingly int«r«8t«d in th« usa of 
comput«rs in sducation. This tr«nd cannot y«t b« fully 
docum«nt«d from th« lit«ratur«, and until w« ar« abl« to do so, 
ws offsr it (ws hops) as "rsliabls hsarsay" dsrivsd from numerous 
convsrsations with educators, government officials, researchers, 
computer specialists, and manufacturers. 

We believe that computers are an object and instrument of 
instruction unlike other instructional hardware. That is to say, 
few countries find it important to offer education about 
television and radio. The importance of learning about computers 
may start a trend in which students will increasingly learn 
through computers. 

The importance of learning about or through computers is 
largely a concern for relevance: education must be relevant to 
an emerging world economy where computers will play an important 
role— an economy in which few countries wish to fall further 
behind. A concern for keeping up in the world economy, 
described by some as the pursuit of equity at the international 
level, is likely to force acceptance of inequities at the 
national level. Developing countries may judge that it is 
necessary to give some children experience with computers, even 
in the face of great uncertainties that this experience can be 
easily generalized throughout the entire national educational 
system. Although this consideration makes it more likely that 
the use of computers will be concentrated at post-primary levels, 
applications at the primary level can also be expected to 
increase. This will be pushed in part by government authorities' 
intentions to keep up with private schools. 

Primary school children in developing countries will have 
differential access to computers based upon the financial means 
of their countries and families. Some children will have more 
favorable opportunities because they attend private schools or 
because they have a computer at home. Others are likely to have 
more limited access to whatever machines are available in the 
schools they attend. Perhaps this might be only one machine per 
school, where a microcomputer serves a multipurpose fvmction for 
school administration, computer literacy, direct instruction 
(possibly concentrating on either remedial work or acceleration) , 
and service as part of a school "library." How effectively one 
microcomputer, or at best a very I'ew, might contribute to primary 
education in such a "lone or sparse micro" situation remains to 
be studied. 

Finally, we see that children in developing countries are 
likely to encounter possibilities for computer-assisted education 
through private learning centers. As costs of hardware and 
software continue to fall, ve expect to see a proliferation of 
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What •oftwar* will adsquatsly d*liv«r th« 
int«nd«d instruction? 

What hardware can b« obtained and ■•rvic«d 
locally to run th« aof twar« s«l«ct«d? 

Will technical and financial r«sourc«8 ba 
•uffidant for training tsachars to work with 
conputars? 
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4. Vid«odi«e« 

posaibn???i!°4.!;°!S*'^2^.^** ^••n haralded as one of the richest 
FSfJi?:} . • delivery of instruction. It weds 

(iiSliSiSS Itnf'Si'^J P^^^^* f"^^° ^i-^-l material 
(including still photographs, motion, graphics, and textl to the 

poissiurin^jsi^L'^^^"?^ p"viS:; ssJicSSd^'' 

lnIJi«ii<! ? L?** •i»"l*tion of reality within a controlled 
Mtting. The relatively high costs of this 

'?^P'«cl«d«d wide application in schools, 
even in affluent societies. Continuing technological 

?Si:3t;/**" ^^^-i? ^^^^ ^« changS! Sithough the 

Srln^! i;!! ^" developing countries are likely to 

°' ^^^^'f •d^c*tion and technical training for 
JSISi;^^**"* Pyrsonnel, it is not inconceivable that, as with 

oriJ^i «r F *» P*^ libraries of the future, in 

at JSi;. ^ learning centers, in well-equipped schools, or 

100 oSriJ?! 1 currently being used can hold over 

°' material (or about 25-30 minutes 

viHl«2?.5^ : ^! in«on»*tion stored on discs is read by a 
lid SoiJSuS Pr«y;nted on a television monitor. Donahue 

and Donahue (1983) describe four levels of videodisc 
instructional hardware: 

® '^^^ videodisc system consists of a 

videodisc player and a television monitor and 
possibly a remote control device. It 
fxinctions in a fixed sequence "slide show" 
mode. The user controls point of entry. 
Instruction is described as linear; 

o Level 2: The videodisc player has a computer 
component which allows some branching, 
greater speed, and more user control; 

o Level 3: The videodisc player is coupled to 
a microcomputer, which allows for more 
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complex programming and interactivity; 



o Level 4: The eyetem coneiete of two videodisc 
players, permitting more complex branching and 
almost instantaneous feedback. Such systems are 
used for simulated instruction such as pilot 
training. 

The cost of an interactive "level 3" system is likely to run 
between $2500 - $3000. Estimates of costs fcr producing 
videodiscs vary. Donahue and Donahue (1983) estimate that a 
first copy of a "professionally produced one-hour instructional 
disc" is likely to cost more than $100,000. Costs ot additional 
copies of the disc are around $20. 

Interest in the use of videodiscs has heightened with the 
emergence of what is referred to as CD-ROM (compact disc-read 
only memory) , CD-I (compact disc-interactive) , and CD-V (compact 
discvideo) . Information on these 5 1/4" discs is stored in 
digital form and in great volume (perhaps around 550 megabytes 
and going higher) . The CD-ROM standard is being applied to 
storing and retrieving large databases and library materials. 
Many people expect that the development of a multi-purpose 
compact disc player will make it possible to read all kinds of 
information, from computer data to film and music, 'ith one 
device. 

The interactive CD-I technology is likely to become of 
considerable interest to educators. The 5 1/4" CD-I discs will 
hold about 650 megabytes of information (storage of up to 1.3 
gigabytes is foreseen for the future) . Current capabilities make 
it possible to provide a 2-hour sequence of interactive 
instruction vitii high fidelity audio. The high resolution video 
will rely on still pictures, text, and graphics. A CD-I disc 
will be "mastered" for about $5000, and copies will cost about 
$30. 

What makes CD-I technology so interesting is the fact that 
it will bring down dramatically the costs of an interactive 
videodisc system. The Sony and Philips Corporations expect to 
have an inexpensive CD-I player on the market by the end of 1987 
that will make interactive videodisc technology a possibility for 
homes and schools. The CD-I player will connect to a television 
set and interactivity will be achieved through a remote sensing 
device (or other peripherals) . The built-in computer will not 
only drive the system but offer some computing capability as 
well. The player is expected to sell for about $500. 

One of the current limitations of CD-I is that it does not 
easily accommodate digitized full-motion video. This will become 
a possibility soon, however. Recently, General Electric/RCA 
announced a prototype machine called DVI (digital video 



54 

interactive) that does permit the use of moving video in 
interactive instruction (Ofiesh, 1987) . 

Huch of the attention given to videodiscs so far has 
concentrated on the hardware. Halloway (1982, p. 133) warns that 
"less is known about teaching and learning using the videodisc 
than is )cnown about the engineering of the technology." Hanafin 
(1985, p. 236) renarlcs that "little empirical research of any type 
has been published to support the differential effectiveness, the 
effects on learning, or the validation of the basic assumptions 
of interactive video." 



A considerable amount of research needs to be done on how 
best to use the various capabilities of interactive video for 
designing effective instruction. Halloway (1982, p. 135) argues: 

The multimedia aspect is more than having ev<*rything 
(motion, sound, graphics) available at once, though 
that is convenient. The advantage for instructional 
design is having the choice, in being able to pick the 
best mode for the learning goals. Research is some 
help in this selection. For instance, adding sound to 
pictures is not necessarily an improvement and may even 
detract from learning. 'Real' pictures rarely increase 
learning; research suggests line drawings often work 
better. In these and other 'areas the computer alone 
may be quite sufficient to assure a very high degree of 
learning without the videodisc' (Bork, 1980). The 
broad selection of media in combination can provide the 
best fit between learner and lesson. 

For developing countries, the instructional design issues 
are not likely to be of great interest in the immediate future. 
Few are in a position to marshall the financial or human 
resources to engage in professional instructional design of 
videodisc instruction. What will be of interest is the 
development of effective software to run on the low cost 
interactive systems. Such software could be affordable if i!: is 
"generic" enough to be useful in several countries, thereby 
reducing costs. Instruction in mathematics is something that 
might lend itself to this kind of treatment. 

Hanafin (1985) believes that "nteractive video does not 
differ gr'-'tly from "allied technology" such as computers from 
either lea*..ing or cognitive perspectives. In a parallel sense, 
we anticipate that the application of videodisc technology in 
education in developing countries will not differ significantly 
from the application of computer technology where a high premium 
is assigned to using computers for direct instructi.-^n. Low cost 
interactive video systems are likely to find use in homes 
(possibly replacing the videocassette recorder) , especially as 
motion pictures and recorded music become available on compact 
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discs and systsas cons to ssrvs both sducatlonal and 
•nt«rtalnn«nt functions. Intsractlvs vldso Is also llkaly to 
find Instructional uss alongslds alcrocomputsrs In prlvats 
Isamlng csntsrs. 

Vldsodiscs as a Policy Option. At ths monsnt, sducatlonal 
policy maksrs In dsvsloping countrlss ars not prssssd to corns to 
tsrns with ths possibllltlss offsrsd by vldsodlsc tschnology. 
Thsy nay wait until low cost vldsodlsc playsrs havs provsd 
thsasslvss, softvars bscomss vldsly avallabls, and sxpsrlasntal 
work has bssn conductsd that dsaonstratss vhsrs and Iiow ths uss 
of vldsodiscs could bs cost sffsctlvs. 

Glvsn ths high flxsd capital costs assoclatsd with producing 
high quality instruction on vldsodiscs, ths uss of vldsodiscs in 
sducation in dsvsloping countrlss Is llksly to occur through 
rsllancs on Importsd softvars. Ths quality and rslsvancs of this 
softvars vill bs an Issus. Ways must bs found to hslp sducators 
In dsvsloping countrlss bs Intslllgsnt consuasrs of vldsodlsc 
softvars (and computsr softvars as vsll) prior to ths day thsy 
ars abls to producs thslr ovn. 



5. Hand-hsld Elscstronic Daviess 

Ws consldsr tvo varistlss of hand-hsld slsctronlc dsvlces: 
mlcroprocsssor-drivsn Isaming aids and calculators, it appsars 
that nsithsr Is vidsly ussd In Instruction In dsvsloping 
countrlss at this tlms. Hovsvsr. ths Instructional possibilities 
thsy offsr and thslr lov cost, sass of uss, and ability to run on 
battsrlss (somstinss solar cslls) rsconmsnd thsm for 
consldsration as appropriats tools for supporting primary school 
Instruction . 



Elactronic Laamina Aids 

Ona can currsntly buy nxmerous electronic games that offer 
educational content. Some of thess opsrate vlth microprocessors 
similar to ones used In computers. These devices dli'fer from 
computers In that they are much simpler to use, are less 
expensive, are not usually programmable, and deliver only 
instructional routlnss rssldsnt In the device or that might be 
added vith Insartable modules. 

The most vell-knovn of the electronic learning aids Is the 
series produced by Texas Instruments, Inc.: the Speak & Spell, 
Speak & Read, and Speak & Math. These "talking" devices utilize 
a keyboard, synthetic speech, and an eight-character alphanimeric 
display to offsr interactive drill and practice In language and 
arithmetic skills. Ths aids velgh just over one pound and sell 
for about $40 In rstall storss In ths United States. Other 
electronic aids to appear recently Include Coleco's "Talking 
Teacher" and Video Technology's "Electronic Lesson One." 

R6 
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Th« first known sffort to ttxaBin* th« ub« of •lactronic 
Isaming aids in clasnrooBS in a davaloping country is described 
in Anzalons and McLaughlin (1984). This was a pilot study that 
involved the use of the Speak & Read and Speak k Kath in primary 
schools in the Kingdom of Lesotho. 

The purpose of the study was to deteruine whether the use of 
existing aodsls of the Speak k Read and Speak k Math was feasible 
in a developing country like Lesotho, how the aids fit into the 
structure and processes of the classrooa, and whether pupils' 
mastery of English and arithmetic was strengthen«td by use of the 
aids. The study ran for twelve weektt in five primary schools. 
The language aids were used in standards 3 and 4, and the math 
aids were used in standard 6. Pupils worked with the aids in 
groups of sour for about one hour per day, two to five times per 
week, during the usual classroom time for English or arithmetic. 

The study reported the following results: 
Technical Feasibility . The aids were introduced into 
primary schools without great cost and preparation. The aids 
stood up well physically. Only 3 of 62 aids used required 
replacement, and none were lost because of poor housekeeping on 
the part of teachers. Pupils adapted easily to the synthetic 
speech contained in the aids. 

Hunan Use Ef facta . Interviews conducted with teachers, 
administrators, and pupils showed a widespread belief that the 
aids were useful. The result of pupil observation shows 
maintenance of a high degree of involvement during periods when 
the aids were used. Both the interviews and observation 
demonstrated that it was feasible to use the aids in groups of 
four. 

Learning Effects . The results of weekly tests of pupils' 
English word recognition and arithmetic demonstrated positive 
learning effects associated with use of the aids. For both 
language and arithmetic, pupils using the aids made larger gainst 
in achievement than those not using the aids. In the cases of 
the language aid, tho difference was statistically significant at 
the .001 level. For the arithmetic aid, the difference on the 
final test was not statistically significant but was so (at the 
.05 level) on the test given the week before. The aids had a 
greater impact on learning among the less able oupils. No 
significant differences in achievement were discovered between 
boys and girls using the aids. 

The study concluded that it is feasible to use electronic 
aids to supplement primary instruction in a developing country 
like Lesotho. The study outlines a scenario whereby aids would 
be rotated among grades and schools. Under these and other 
assumptions, the cost of a 60 hour supplement of electronic drill 
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and practic* (•xcluding batteritts) was •stinatsd to cost $.94. 
Anzalons and McLaughlin also concludsd that mors information was 
nssdsd on ths us« of ths aids ovsr longsr psriods of tims, in 
othsr country ssttingc, and on ths rangs and magnituds of 
possibls Isaming sff«cts. 

Hs havs found no othsr attsmpts to look at ths uss of this 
tschnology within ths contsxt of a dsvsloping country. Although 
ths Isaming aids such as thoss ussd in Lssotho continus to bs 
sold and nsw onss havs appsarsd, thsrs appsars to bs littls 
intsrsst on ths part of manufactursrs to improvs thsir 
capabilitiss. Similarly, unlilcs microcomputsrs , ths pricss of 
slsctronic Isaming aids havs not fallsn during ths past fsw 
yaars . 



Caleulatorm 

Hand-hsld calculators, now oftsn solar powsrsd and sslling 
for $5 or Isss, ars psrhaps ths most affordabls sducationally- 
rslatsd slsctronic product availabls today. Thsy ars to bs found 
almost svsrywhsrs in ths Third World. Ths ons placs that thsy 
ars noticsably abssnt is ths classroom. In sducational systsms 
with which we ars familiar, parsnts and tsachsrs tsnd to bs 
oppossd to ths uss of calculators bscauss of ths bslisf that 
using calculators is lilcsly to Isad to inadsquats mastsry of 
numbsr facts and dsvslopmsnt of computational skill. 

Ths hand-held calculator doss not strictly fall xindsr our 
dsfinition of instructional hardwars bscauss of our insistsncs 
that ths dsvics must bs capabls of offsring instruction that 
could ssrvs as an altsmativs to a Issson usually providsd by a 
tsacher or a textbook. The instructional uss of calculators in 
the classroom would almost csrtainly rsquirs dirsct instruction 
from the teacher or from exercises in workshssts or another torm 
of printed text. 

We were unable to find any publishsd studies of the use of 
calculators in schools in dsvsloping countriss. Thsrs havs bsen 
many studies undertaken in North America and Europe. A review of 
the literature by Suydam (1983) looked at over 175 studiss, of 
which at Isast 75 sxplorsd whsthsr ths uss of calculators in the 
classroom would havs a dsleterious sffsct on achisvsmsnt in 
mathsmatics. In all but a fsw instancss, achisvsmsnt tsst scores 
wsrs as high or highsr whsn calculators wsrs ussd in instruction 
(but not on ths tsst) than whsn thsy were not used. Suydam found 
evidence that the use of calculators can help students learn 
number facts and can help in expanding a student's repertoire of 
problem-solving strategies . 

A review of thirteen students by Sigg (1982) concluded that 
calculators were not detrimental to the development of 
computational skills. Seven of the thirteen studies showed gains 
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in computational skills whan calculators wars usad in 
instruction; thraa shovad improvamants in studants* attitudes 
toward mathamatics. Lass abla studants appaarad to gain more 
from using calculators in instruction. Tha avidanca regarding 
improvements in problem-solving performance was inconclusive. 

Etlinger (1974) sees two roles for the use of calculators in 
mathematics instruction; the functional and pedagogical. The 
functional roxe foresees calculators being used to perform all 
mental calculations in solving problems. The pedagogical role 
foresees calculators being used as a tool to facilitate learning. 
The first role is likely to be unacceptable in most developing 
countries, and the second one is likely to be suspect. 

If ve ignore the possibilities offered by hand-held 
calculators ve may miss an opportunity to improve the external 
efficiency of education in those settings where the majority of 
children leave school during the first few grades. In these 
situations, nximber facts are often poorly acquired and 
computational skill is weak. Proficiency in the use of 
calculators would give those children who receive no further 
education a means to solve many of the arithmetic problems they 
will encounter on the job and in daily life. Although this would 
create a dependency on an external device, there is no social 
stigma associated with using calculators for purposes of daily 
computation. And just as those of us who wear eyeglasses find 
this dependency preferable to not seeing properly, it is likely 
that being able to solve problems by using an inexpensive 
electronic device is preferable to not being able to solve the 
problems at all. 

Perhaps "^calculator literacy** should be taught in addition 
to basic mathematics. Tha use of calculators might kindle 
interest in and facilitate learning of more sophisticated 
mathematics than is now generally achieved in most of the primar: 
schools in developing countries. 

Hand-held Electronic Devices as a Policy Option. Further 
experimental work with electronic learning aids in classrooms in 
developing countries is necessary before recommending to 
educational policy makers that they be used. There appears to be 
little interest in shaping this technology to make it a 
practical, affordable, and effective alternative within primary 
school instruction in developing countries. 

Similarly, educational policy makers are likely to have a 
difficult time exploiting the educational potential of 
inexpensive calculators. It may be difficult or impossible to 
convince teachers and parents that learning to use calculators is 
not detrimental to the development of computational skill or to 
demonstrate the advantages of "^calculator literacy.** Moreover, 
the use of calculators would have to be contained in an 
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instruct innal program. The development costs and the costs and 
administrative burden for training teachers and producing and 
distributing the materials required for such a program are likely 
to detract from the attractiveness of using this technology for 
instructional purposes in the classroom. 
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VIII. CONCLUSIONS AND OBSERVATIONS 



Our purpostt In this r«vl«w was to d«termlne how and to what 
extant learning technology In the form of Instructional hardware 
Is or night be significantly Involved In the production of 
learning In primary school classrooms In developing countries. 
We have looked In sons detail at the past experience of several 
countries and have tried to look ahead at the likely directions 
and possible consequences of the Introduction of the devices of 
the ''second electronic revolution." We reached numerous 
conclusions throughout the review about how the use of 
Instructional hardware relates or night relate to the production 
of learning at various points In the process. We will close with 
some general conclusions and observations. 

We defined Instructional hardware as electronic presenters 
of Instructional sequences that are significant enough In scope 
and currlcular content to constitute an alternative to lessons 
usually provided by teachers or textbooks and similar printed 
materials. We find that the experience just reviewed points to 
the Importance of the word alternative. 

We found that Instructional hardware has not been used in a 
way that would constitute a complete alternative to formal school 
Instruction delivered by teachers. The one possible exception to 
this Is RADECO, In the Dominican Republic, where learning by 
radio takes place In makeshift schools supervised by 
paraprofesslonals. Even here, however, radio Instruction Is 
limited to one hour per day and Is not meant to constitute a 
complete alternative to formal primary schools. The strategy for 
extending primary education by using Instructional hardware as a 
l<»ss costly alternative to formal schools remains largely 
untried. 

We did find that Instructional hardware, especially 
television, has been used as a primary means of delivery In 
systems-wide attempts to upgrade the quality of primary school 
Instruction. In several cases, this was In response to large 
shortages of trained teachers. Here, the use of Instructional 
hardware was not Intended to constitute an alternative to 
conventional Instruction but as a component of a strategy that 
often Included Improvement of conventional Instruction through 
such means as teacher training. It appears that as levels af 
teacher training rise or the numbers of certified teachers In the 
system grow, teachers resist (usually successfully) the use of 
television as a primary means of delivering school Instruction. 
Few developing countries face the situation they did In the 
sixties where there were often massive shortages of trained 
teachers, low numbers of children enrolled In school, and very 
little perceived relevance or quality In the curriculum. The 
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conditions favorable for a strategy where Instructional hardware 
Is used as a catalyst In mult 1- faceted reform of all or part of 
an entire educational system have largely disappeared. 

Instructional hardware appears to be most commonly used to 
deliver instruction that is not an alternative to, but rather an 
)*'temative within, regular school instruction, within the 
context of regular school instruction, learning technology 
delivered through instructional hardware makes it possible to 
provide productive periods of Instructional time superior to what 
routinely takes place in the usual primary school classroom in a 
developing coxintry. These periods (where they have been 
delivered with Instructional hardware) typically vary in duration 
from an hour per week to an hour per day. Often these periods 
have led to large gains in student achievement during the course 
of a school year. Our companion review, "Review on the Soft 
Technologies of Learning," suggests that these productive periods 
of instructional time result from application of methods and 
techniques emanating from our knowledge of the learning process. 
In the present review, we have found that these enriched segments 
of instruction can be delivered with varying degrees of 
efficiency with the use of Instructional hardware. 

The idea of productive periods of instructional time, 
delivered as an alternative within regular school Instruction, is 
acknowledged in the BRIDGES model of learning production. The 
learning technology cluster of variables is conceived as being 
separate from (but related to) other "within school" variables. 
Learning technology should arguably be conceived as Intrinsically 
involved in, and not separate from, such things as classroom 
management and Instructional materials. The evidence, howvwer, 
suggests the existence and potential effectiveness of a "within 
school" alternative provided by the application of learning 
technology during part of the school day. 

In the future, whether learning technology delivered through 
instructional hardware will be used less for quality enhancement 
within the context of regular school instruction and more as an 
alternative to conventional instruction will probably depend on 
how well resources for education keep up with demographics. Up 
to now, using Instructional hardware as an alternative to 
conventional school Instruction has not been compelling for most 
developing countries. In the future, however, instruction 
delivered through Instructional hardware may be an alternative to 
providing nothing, and the use of Instructional hardware could 
well be not just compelling but inevitable. 
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IX. AGENDA FOR FUTURE RESEARCH AND IMPLEMENTATION 



The preceding analysis, conclusions, and observations 
point to recommendations for an agenda for future research and 
Implementation for using Instructional hardware to Improve and 
extend primary education in developing countries. It Is a joint 
agenda for investigators and policy makers— a short list of what 
we believe to be the most promising avenues of activity. 

We would first note that the use of instructional hardware 
is likely to be more attractive at post-primary levels. 
Interventions that rely on child/machine interaction are likely 
to be seen by many as incompatible with primary school's 
traditional mission of socialization of the child — no matter how 
effective the intervention proves to be. Nevertheless, in 
situations where there is acceptance that productive periods of 
instructional time mediated by the use of instructional hardware 
are either desirable, inevitable, or both, we contend the 
following. 

Of the instructional hardware we reviewed, radio continues 
to offer the most promise of being an effective and affordable 
deliverer of instruction on a mass scale. The interactive radio 
model has set a standard- against which the success of future 
applications may be judged. For the future, the priorities for 
research and implementation for the use of radio in primary 
education in developing countries are these four: 

o More needs to be learned about the experience 
of all those countries reportedly using radio 
for primary school education but whose 
experience does not figure into the 
literature. How extensive is this 
experience? What are the successful models? 
Do they share common characteristics? What 
lessons can be drawn so as to allow greater 
generalization about the use of radio in 
primary school education in developing 
countries? 

o We need to have a better understanding of the 
barriers to acceptance of the interactive 
radio model. At the moment, we can only 
speculate why more countries have not iecided 
to adopt the model. In view of the 
investments already made and the results that 
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have b0«n achieved, speculation Is no 
substitute for empirical Investigation. 

o The RAOECO model for extending primary 
education through radio seems especially 
promising and likely to be relevant for 
countries that come to experience difficulty 
In stretching resources to keep pace with 
population growth. Assistance should be 
provided to coxintrles prepared to adopt or 
adapt the RAOECO model and share this 
experience with the International community. 

o It would be useful to Investigate the 
Introduction and Implementation of the 
Interactive model following a strategy that 
Is less concerned with demonstrating radio's 
effectiveness (this has already been 
demonstrated) and more concerned with 
demonstrating the development of local 
expertise, commitment to quality. 
Identification with the lessons produced, and 
sustainable Institutional capacity for future 
Imp 1 ementa t Ion . 

The other area on the joint agenda for research and 
Implementation with respect to Instructional hardware and primary 
education In developing countries has to do with future 
applications of computers and associated technologies. Although 
the Industrialized nations are selling an Increasingly large 
number of computers to developing countries, very little 
assistance Is being provided to Investigate how computers might 
be used most productively In classrooms. We recommend 
exploration In four areas: 



o We must look for viable and affordable uses 
of the computer In situations where only one 
or a few microcomputers can be Introduced. 
What difference does It make to have a 
computer present In the school? Can 
effective activities for Individuals, groups, 
or the entire class be designed so as to 
revolve around the use of a single 
microcomputer? 

o We need to discover the most effective 

approaches that Integrate computer literacy 
and direct Instruction In traditional school 
sub j ects . 



o In countries where successful national or 
regional curriculum development activities 
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(such as In tha Carlbbsan) have produced 
materials that are widely used, It would be 
useful to explore the development of related, 
high cpiality educational software. It would 
be unfortunate If decisions about the 
potential effectiveness of computers in 
education in developing countries are made 
entirely on the basis of software produced 
for markets in industrialized societies. 

Some attention should be given to the effects 
of using computers for primary education 
indirectly through teacher education. The 
use of computers, especially if linked to 
videodiscs, would be feasible, manageable, 
and affordable for many individual or groups 
of teachers* colleges. Such applications 
would allow the modeling of effective and 
ineffective teaching behaviors and a good 
means to teach methods for diagnosis of pupil 
difficulties in different subjects. 
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